Using an intelligent self-service solution to support telecommunication service provisioning by Barlow, Sherwin Riaan
  
 
 
Department of Computing Sciences 
 
 
 
 
Using an Intelligent Self-Service Solution to Support 
Telecommunication Service Provisioning  
 
 
Sherwin Riaan Barlow 
 
Supervisor: Prof. JL Wesson 
Co-Supervisor: Dr NLO Cowley 
Department of Computing Sciences 
 
 
 
 
 
 
December 2012 
 
 
 
 
 
Submitted in fulfilment of the requirements for the degree of  
Magister Scientiae in the Faculty of Science at the Nelson Mandela Metropolitan 
University 
i 
 
Declaration 
 
I, Sherwin Barlow, hereby declare that the dissertation for the degree Magister Scientiae is 
my own work and that it has not previously been submitted for assessment or completion 
of any postgraduate qualification to another University or for another qualification.  
 
 
 
Sherwin Barlow
ii 
 
Acknowledgements 
I would like to first and foremost thank God the Almighty, for blessing me with the 
opportunity to do this research.  
I would like to express my greatest gratitude to my supervisors, Prof. Janet Wesson 
and Dr Lester Cowley and my colleague Mr Gianni Twigg for their valuable support, 
advice, enthusiasm and encouragement over the duration of this research. I would 
especially like to thank them for the many hours spent reading through research papers 
and this dissertation and for the useful suggestions provided to improve this 
dissertation’s content and structure. Working with them has kept me motivated and 
helped me to grow as a student and a person. 
I would also like to thank: 
 Mr Baxolile Mabinya of Internet Solutions and his team for their assistance in 
the requirements gathering process and participation in the user evaluations; 
 Employees in the ICT department at NMMU for their continuous involvement 
in this research; 
 Miss Simone Beets for the technical checking of this dissertation; 
 Dr Jacques Pietersen of NMMU for his support with statistical analysis; and 
 Mr John Cullen for proofreading this dissertation. 
I would like to thank the Telkom / NMMU Centre of Excellence and THRIP for 
funding this research. Thank you to the Department of Computing Sciences staff for 
their support throughout my research. 
Lastly, a special word of gratitude to my family, close friends, girlfriend, under deacon 
and priest for their support, prayers and understanding during the many hours it took to 
complete this dissertation. 
iii 
 
Summary 
The increasing competition between telecommunication service providers (TSPs) and the 
large amounts of human resource costs incurred to provision telecommunication services 
to small, medium and micro enterprises (SMMEs), highlight the need for effective self-
service provisioning methods to reduce costs. Existing service provisioning methods do 
not effectively support SMMEs in the service provisioning process. The current methods 
used are manual and Web-based. The manual service provisioning method is labour and 
time-intensive. TSPs are being forced to cut human resource costs as the profit margins 
for provisioning services are narrow due to competition. The current web-based systems 
do not allow SMMEs to effectively purchase services as they provide long textual lists to 
consult and limited information about services. 
The objective of this research was to develop an intelligent web-based self-service system 
to support SMMEs in telecommunication service provisioning, using a Design Science 
Research methodology. A constraint-based, knowledge-based recommender system was 
selected as the most appropriate intelligent system to support telecommunication service 
provisioning.  
A prototype called SelPro was developed as a solution to address the shortcomings of the 
current ineffective service provisioning methods available for SMMEs. SelPro 
incorporates an interactive wizard-style user interface with dynamic recommendations to 
support novice users as well as an expert interface which provides less user support. 
An expert review and a user study were conducted to determine if SelPro was usable, 
useful and effective. SelPro was perceived as being usable for SMMEs wishing to 
purchase telecommunication services. Expert participants were satisfied with the usability 
of SelPro and perceived it as being useful, easy to use and easy to learn. SelPro was 
considered effective because of the high task success ratings provided by the participants 
using the two interfaces. 
The research determined that intelligent web-based self-service provisioning can be used 
to effectively support SMMEs in telecommunication service provisioning. General design 
recommendations for similar systems were proposed and future work will involve using 
intelligent systems to support large enterprises in telecommunication service provisioning 
Keywords: Design Science research, intelligent systems, knowledge-based recommender 
systems, small medium and micro enterprises, telecommunication service provisioning.
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 Chapter 1: Introduction 
1.1 Background 
The telecommunications industry is experiencing rapid growth, as more and more people 
require Internet access and new telecommunication services (Hennessy 2009; SAinfo 
2011). The rapid growth in the industry has forced the prices of telecommunication 
services to drop because of increasing competition between telecommunication service 
providers (TSPs) (Gupta 2008). Telecommunication is the transmission of information 
from one location to another through the use of a telecommunication service (Linfield 
1990). A service is the work done by one party for another (Spohrer et al. 2007).  A 
telecommunication service enables users to transfer information in the form of voice, data 
and video, by using transmission media such as wire-pair, coaxial cable, fibre optics and 
radio (Linfield 1990; Hodge and Theopold 2001; Freeman 1999). The supply of wireless 
technology and Internet services today has caused rapid growth in the telecommunications 
industry, since the number of mobile phone and Internet users is increasing daily 
(Hennessy 2009). The telecommunications industry has now evolved to support two-way 
communication through voice, data and video (Hodge and Theopold 2001).  
Companies in the telecommunications industry are mostly classified as network operators 
or service providers. Each of these classes of companies plays a major role in the 
provisioning of telecommunication services (Linfield 1990). Network operators provide 
the physical network infrastructure (cables and routers), connecting each user to the rest of 
the telecommunication system, thus allowing communication to take place (Linfield 1990). 
TSPs use the physical infrastructure provided by the network operators to enable end-users 
to use telecommunication services which range from communication services such as 
fixed-line and mobile telephony, to data storage and Internet connectivity (Andreu et al. 
2004; SAP-AG 2005).  
TSPs are facing greater challenges, as the demand for telecommunication services from 
customers has led to an increase in competition between TSPs, as more TSPs have entered 
the market. TSPs are now required to obtain a competitive advantage by differentiating 
themselves from other TSPs, either by reducing their service prices, reducing expenses 
and/or improving the way they offer product and services to customers (SAP-AG 2005). 
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The Operation Support Systems (OSS) of a TSP are key candidates for differentiating one 
TSP from another (MohanRam and Balasubramanian 2003). The OSS allows TSPs to 
manage, support and administer the services they provide to customers. The OSS of TSPs 
includes systems that manage the network infrastructure, billing, fault management and 
service provisioning. Wong (2009) suggested that TSPs should shift their focus from 
managing their network infrastructures to managing their services. This shift of focus 
might ensure that TSPs are successful in the competitive telecommunications industry. The 
success of TSPs in the industry also depends on their ability to automate business 
processes by having good OSS that facilitate reduced costs and an increase in customer 
acquisition (business growth) (SAP-AG 2005; MohanRam and Balasubramanian 2003).  
A business process is a collection of tasks that provides a specific service, such as the order 
fulfilment process (service provisioning process) (SAP-AG 2005). Automating potential 
business processes can possibly save time, improve process management and reduce 
business costs and human error. Reduced costs might be possible as the number of 
employees required to carry out the business processes could be reduced. This would lead 
to less human error and manual tasks due to the automation of human resources, and so 
reduce human resource costs.  
The most common customers (end-users) of telecommunication services are individual 
home users, the Government and general industry (Gupta 2008). General industry consists 
of small, medium and micro enterprises (SMMEs), as well as large enterprises (LEs) (Jun 
et al. 1997). A customer is placed into a small, medium and micro or large category based 
on the number of employees employed within the enterprise and the amount of turnover 
generated by the enterprise yearly (Berry et al. 2002) (e.g. an enterprise is a small 
enterprise if it has more than ten and fewer than fifty employees employed in the 
enterprise).  
The financial growth of a TSP is dependent on customers’ buying behaviour, which 
determines the amount and frequency of product and service purchases (Lundberg 2011). 
Therefore the order fulfilment process, which is focused on high quality service 
provisioning, is important, as it may directly impact the number of times customers buy 
products and services from a company. Service provisioning is defined as the work done 
by a company for a customer to satisfy the customer’s needs, in the form of a service 
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(Spohrer et al. 2007). The service provisioning process is the entire end-to-end business 
process from order identification to service installation. 
This review of the telecommunications industry has highlighted the challenges being 
experienced by TSPs. TSPs have to differentiate themselves in this highly competitive 
industry by automating their business processes, such as the service provisioning process 
(Gupta 2008). Automating the service provisioning process is directly related to customer 
acquisition and retention, as the efficiency of the service provisioning process directly 
impacts on the customer’s satisfaction, which is important for the growth of a TSP. 
1.2 Problem Identification 
A new form of service provisioning which has yielded benefits for other industries is self-
service provisioning (automated service provisioning). Self-service provisioning is slowly 
increasing in the telecommunications industry but has not produced much benefit to TSPs, 
whereas other domains, such as electronic commerce (e-commerce) and electronic tourism, 
have already adopted this technology, which has greatly improved service delivery quality 
to customers (Stockdale 2007). Self-service provisioning allows the customers of a 
company to obtain information and conduct a purchase without assistance from a human 
representative of the company (Hsieh 2005). Self-service technology (SST) is a 
technological interface enabling customers to serve themselves to the products and services 
of a TSP (Meuter, Ostrom and Roundtree 2000). Businesses are encouraged to use the 
opportunity that SST provides to increase customer satisfaction, which also leads to strong 
customer loyalty (Hsieh 2005). Strong customer loyalty is what TSPs are striving towards 
in this competitive industry, as retaining current customers and acquiring new customers is 
the key for the success of future businesses (Andreu et al. 2004; Hennessy 2009; Theron 
and Boshoff 2006). 
New self-service technologies have entered the market, such as web-based self-service 
systems, which is SST presented over the Internet (Yang, Wu and Chao 2010). Companies 
in the e-commerce industry realised that customers prefer to use web-based self-service 
systems as it is an easier alternative, more compelling, informative, inviting and intuitive 
(Rouse 2002). The goal that businesses have with the implementation of self-service 
systems, is to have customers educate themselves about products and services and to 
conduct direct business transactions (Hsieh 2005).  
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Web-based self-service systems have multiple benefits for customers and businesses 
(Andreu et al. 2004). Web-based self-service systems provide businesses with the 
opportunity to serve more customers and reduce operational costs by reducing resources 
required to serve customers. Web-based self-service systems provide businesses with the 
ability to capture information about customers that can be analysed in order to help with 
future decision making, and allows customers to conduct the service provisioning process 
from anywhere, at any time (Rouse 2002). 
Web-based self-service systems that allow customers to purchase telecommunication 
services by themselves have not been used extensively in the telecommunications industry 
(Andreu et al. 2004).The current Web-based self-service systems implemented by TSPs 
only support restricted categories of customers, such as individual home users, who 
purchase simple products and services, such as voice services and Internet connections 
(Telkom 2012b; Alcatel-Lucent 2012). Other customer types such as SMMEs and LEs can 
only purchase a set of simple services such as voice and Internet and not the main 
telecommunication services that are required to enhance their business operations, such as 
domain name services, email and data hosting. 
Recent trends in self-service systems emphasise that the goal of self-service systems is to 
provide assistance through intelligence, such as intelligent agents and knowledge-based 
systems (Ricci and Mahmood 2007). These systems give the customer a sense of 
personalisation as the systems can be customised for a specific customer and task. The use 
of customised systems for each customer also improves customer relationships as the 
system can be a medium of communication between the business and the customer. 
Intelligent systems also simulate the interaction between a customer and a human business 
representative (Walter 2011). The customisation of the system gives the customer a sense 
of security, as the system will only provide information relevant to the customer. Customer 
Relationship Management (CRM) has a direct impact on customer loyalty and satisfaction, 
as CRM is the management of the interaction between the business and its customers 
(Stockdale 2007). Therefore, TSPs need to implement methods that address the service 
provisioning problem and increase the customer’s satisfaction when interacting with the 
business and its components (processes). 
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The previous discussion justified the need for an investigation on the current service 
provisioning methods implemented by TSPs and concern about the effectiveness of these 
methods is the reason for this research. 
The current service provisioning methods implemented by TSPs have shortcomings which 
result in dissatisfied customers and in TSPs losing money (Gupta, Johnson and Pramidi 
2005). Currently customers of a TSP must follow a time-consuming and labour-intensive 
procedure when they want to purchase telecommunication services (Andreu et al. 2004; 
Lundberg 2011). With the current manual service provisioning process, a customer is 
required to visit the TSP; the customer then has to explain his or her needs to the sales 
representative of the TSP and based on these needs, the sales representative must identify 
and propose a packaged solution from the large, service collection of the TSPs (Lundberg 
2011).  
Some TSPs have attempted to address the issue by implementing Web-based self-service 
systems which allow customers to purchase telecommunication services. The current Web-
based self-service systems of TSPs do not provide sufficient knowledge about 
telecommunication products and services to customers. These result in customers not 
knowing what product or service would best suit their needs as sometimes the solutions 
that customers require are too complicated for customers to understand. As an example, a 
novice customer who requires Internet access and an internal network for his business will 
not understand which services support his needs. The reason why customers do not know 
which product or service meets their needs, is because current systems do not provide 
sufficient support and information about the products and service capabilities to customers. 
Currently customers are required to search through lengthy textual lists of products and 
services to find a solution that best supports their needs (Andreu et al. 2004; Telkom 
2011). The current Web-based system interfaces do not cater for the various customer 
types as all customer solutions are accessed from the same interface which causes 
customer frustration and confusion. This could be due to the TSPs not having a 
standardised set of products and services, which they can provide to customers. TSPs 
create new services and these new services are added to their current list of services, which 
become complicated to maintain in the long-term. 
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The problems identified above are some of the reasons why TSPs are struggling to grow 
and retain their customers (Kim, Park and Jeong 2004). To improve service provisioning, 
companies need a way of improving customer relations and of providing expert knowledge 
in systems, so that customers are supported to make purchasing decisions easily and 
effectively (Andreu et al. 2004; Tsikriktsis, Lanzolla and Frohlich 2004). Customer 
experience can be enhanced by supplying them with knowledge and advice on the best 
solutions for their telecommunication needs (Stockdale 2007). 
1.3 Problem Statement 
The problem identification section highlighted that the current service provisioning 
methods of TSPs are not effective. The main problem area identified is the point of 
engagement between the TSP and customer during the service provisioning process. The 
main problem area was identified from the shortcomings of the current service 
provisioning methods. The shortcomings highlighted that the point of engagement between 
the sales representative and the customers was manual, tedious and time consuming. The 
shortcoming of current web-based systems was that the system, which is the point of 
engagement between the TSP and customer, is not effective, as it provided long textual 
lists of products and services. The system also provided no support to customers during the 
service provisioning process. 
Good service provisioning forms the basis for CRM, which uses technology to automate 
and organise business processes (Fjermestad and Romano 2003). Automating the service 
provisioning process is still beneficial to the TSP and the customer (Gupta 2008). 
Intelligent systems have been developed which solve the problem of customers having to 
follow a manual, time-intensive business process. Intelligent systems such as recommender 
systems in e-tourism have decreased the effort required by customers when searching for 
places that meet the customer’s needs (Stockdale 2007).  
The use of intelligent systems can potentially provide a means to support the service 
provisioning process in overcoming some of the current shortcomings identified. This can 
be done by assisting all customer types in decision making during purchases which could 
potentially improve service provisioning quality and customer satisfaction. Existing 
intelligent systems are, however, designed informally and the benefits they propose can 
sometimes be difficult to replicate (Walter 2011). 
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Limited research has been conducted into determining whether the use of intelligent web-
based self-service systems produces the same benefits for customers in the 
telecommunications industry as they have done for customers in other industries. This 
finding motivates the following problem statement: 
Limited intelligent web-based self-service systems currently exist to effectively support TSP 
customers in provisioning of telecommunication services. 
Implementing an intelligent web-based self-service system for telecommunication service 
provisioning is a novel approach to telecommunication service provisioning, as intelligent 
self-service systems have not been used by TSPs (MohanRam and Balasubramanian 2003; 
Lundberg 2011). 
1.4 Research Outline 
This section provides an outline of how this research will be structured to meet the 
research objectives. The outline is described by identifying the research objectives, 
research questions, scope and constraints and the research methods, which will be used to 
address the research questions.  
1.4.1 Research Objectives 
Identifying possible ways in which to address the service provisioning problem, identified 
in this research, has highlighted that an intelligent web-based self-service provisioning 
system for telecommunication services can potentially improve the effectiveness and 
efficiency of service provisioning. Addressing this problem could result in a more pleasant 
customer experience as the service provisioning process will not be tedious, lengthy or 
confusing. Customers would also be provided with more insight into the product and 
service information, leading to more informed buying decisions. 
The statements highlighted above show that an intelligent web-based self-service 
provisioning system should be designed and evaluated to confirm the validity of these 
statements. The problems identified and the proposed development of an intelligent web-
based self-service provisioning system also highlight that this research is objective-centred, 
as the problem is derived from a need in the telecommunications industry. 
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The primary objective of this research is to develop an intelligent web-based self-service 
solution to support TSP customers in telecommunication service provisioning. The primary 
deliverable of the research is a solution in the form of a prototype and the secondary 
deliverables are the proposed design recommendations for an intelligent web-based self-
service provisioning system in the telecommunications industry and a critical analysis of 
the results of evaluating the prototype.  
The objectives of this research are thus: 
1. To identify the factors involved in the service provisioning process and to identify 
the shortcomings of current systems used for service provisioning in the 
telecommunications industry;  
2. To identify a set of requirements for an intelligent web-based, self-service system 
that will support customers in service provisioning of telecommunication services;  
3. To identify which intelligent systems can be used to support telecommunication 
service provisioning;  
4. To design and implement an intelligent web-based self-service provisioning 
system;  
5. To evaluate the intelligent web-based self-service provisioning system, based on 
usefulness, effectiveness and efficiency, as well as the customer benefits produced 
and the extent to which the solution supports self-service provisioning; 
6. To communicate the findings of the research by presenting design 
recommendations for a web-based self-service provisioning system as well as 
future work and conclusions obtained from the results of this research. 
1.4.2 Research Questions 
The research will attempt to answer several research questions concerning the objectives 
which were stated above. 
 The following are the research questions: 
1. What factors are involved in the service provisioning process and what are the 
shortcomings of current systems implemented to support telecommunication 
service provisioning? 
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a. What components in the telecommunications industry are involved in the 
telecommunication service provisioning process? 
b. How is telecommunication service provisioning currently conducted? 
c. What are the shortcomings of the current service provisioning methods? 
d. What are the challenges faced, in practice, regarding telecommunication 
service provisioning? 
2. What are the requirements for an intelligent web-based self-service system that 
would effectively and efficiently support a customer in service provisioning of 
telecommunication services?  
3. What intelligent systems are suitable for supporting telecommunication service 
provisioning? 
a. What intelligent systems can support Web-based, self-service provisioning 
of telecommunication services? 
b. How can intelligent systems be used to effectively and efficiently support 
self-service provisioning? 
4. How can the selected intelligent system be designed and implemented to effectively 
and efficiently support customers in self-service provisioning?  
a. How should each component be designed for telecommunication self-
service provisioning? 
b. How should the designed components of the model be implemented? 
c. Can the design be used to support intelligent Web-based self-service 
provisioning of telecommunication services?  
5. How useful, satisfying and beneficial is the prototype and to what extent does it 
support the customer in the self-service provisioning process? 
a. How should an intelligent system for self-service provisioning be 
evaluated? 
b. What design implications are identified from the evaluation results? 
c. What are the proposed design recommendations and are they supported by 
the evaluation results? 
6. What are the contributions, recommendations for future work and conclusions of 
the research?  
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1.4.3 Scope and Constraints 
Telecommunication, as a business, has many business processes. Figure 1.1, presents all 
the processes found in the telecommunications industry according to the Enhanced 
Telecommunications operations map (eTOM) (TeleManagementForum 2001). 
 
Figure 1.1: eTOM model (TeleManagementForum 2001) 
 
This research will focus only on the circled section in the operations process called 
fulfilment (order fulfilment). This process will be explained in more detail in Chapter 2. 
The billing component has been implemented successfully on current web-based 
applications of TSPs but an indication of the services for which a customer is billed, is 
required for fulfilment of the service provisioning process.  
The proof-of-concept prototype will be developed by customising an existing model of an 
intelligent system. Some of the end-to-end functional processes within the service 
provisioning process will be simulated within the prototype, as actual services provided to 
the customer will not be activated for customers to use. This is because no TSP allowed the 
prototype to write information into its back-end systems database: such as assigning new 
mailboxes and activating the email services, which were provided to the customer while 
using the prototype. 
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1.4.4 Research Methodology 
Research design is the general plan of how a researcher can answer research questions 
(Limpanitgul 2009). This section discusses the logical structure of how this research will 
be carried out as well as the method that will be used to address each of the research 
questions outlined in Section 1.4.2. 
This research is objective-centred and aims to produce an intelligent solution for the 
provisioning of telecommunication services. Therefore a design science research (DSR) 
methodology will be used to address the problem identified, as DSR aims to develop a 
solution for a problem and supports the aim of proposing design recommendations. The 
objective-centred research approach forms part of DSR (Peffers et al. 2007). DSR is a 
methodology which focuses on the development and evaluation of information technology 
(IT) artefacts that are intended to address unsolved organisational problems or business 
needs (Hevner et al. 2004). The IT artefacts that can be built in DSR are concepts, models, 
methods and instantiations. The artefacts produced by DSR are evaluated with respect to 
how useful the artefact is in solving the problem. The goal of DSR is to produce useful 
artefacts for a specified problem domain. 
Ellis and Levy (2010) state that in DSR the research objectives are encapsulated within the 
research questions. This research aims to address a problem which is relevant to the 
telecommunications industry by designing a prototype to support intelligent web-based 
self-service provisioning. The prototype will be evaluated to determine the extent to which 
it effectively supports the customer in the service provisioning process and from this 
evaluation, design recommendations for developing similar systems will be proposed. This 
research proposes to address the identified problem by proposing a novel web-based self-
service provisioning design that is effective and efficient. The proposal of design 
recommendations also supports the choice of using the DSR methodology (Hevner and 
Chatterjee 2010). 
Peffers et al. (2006) provide a six-phase process model for conducting DSR, which focuses 
on development and evaluation activities. The objective of the process model is to provide 
a nominal process for conducting DSR, by allowing the research to build on prior research, 
or to provide a template for research outputs (Peffers et al. 2007). Each of the process 
model phases (components) are mapped to a research question that is derived from a 
research objective. This research questions is then mapped to a chapter in this dissertation. 
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Each chapter will use specific research techniques to obtain the research objective. Figure 
1.2, shows how this research maps to the DSR methodology process model. 
 
Figure 1.2: Research mapped to the DSR methodology process model proposed by Peffers et al. (2006) 
  
Figure 1.2 represents the different phases in the DSR process. The phases answer each of 
the research questions and are distributed across the chapters of the dissertation. Finally, 
the research strategy or strategies that will be used to answer the questions are mapped to 
each phase.  
The first phase is described by Peffers et al. (2006) as identifying a problem that is relevant 
to the business. A motivation for solving the problem should also be provided. This phase 
addresses Research Question 1. The research problem of this dissertation was identified 
earlier and motivations for the solution were provided. This was completed by conducting 
a literature review, which is a research method that provides a critical summary of a topic 
in a specific area (Hofstee 2009). It was identified that TSPs do not have effective and 
efficient service provisioning methods. Providing customers with effective and efficient 
service provisioning methods could lead to improved customer satisfaction, customer 
loyalty and growth for the TSP. In Chapter 2 an interview study using semi-structured 
interviews and a literature review will be used to further investigate the problem. This will 
provide insight into the components involved in the telecommunication service 
provisioning process and help identify shortcomings of current service provisioning 
systems. Chapter 2 will also determine if the problems identified are relevant to TSPs in 
practice.  
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Identifying the objectives of the solution to the problem is the second phase of the process 
model and this will be addressed by Research Question 2. A literature review will be used 
to identify the current solution’s shortcomings and motivate objectives for the proposed 
solution, in the form of requirements. The interview study that will be conducted with a 
TSP will assist in identifying the requirements for the solution. The quantitative objectives 
of the solution are to provide support to self-service provisioning. The qualitative 
objectives of the solution are to provide a high level of satisfaction, to be useful, beneficial, 
easy to use and easy to learn.  
The third phase focuses on the design and development of the proposed solution. This 
phase addresses Research Questions 3 and 4 across Chapters 3 and 4. One of the research 
aims is to propose design recommendations for an intelligent web-based self-service 
provisioning system. The proposed recommendations should support customers with the 
service provisioning process in an effective and efficient manner. A prototype must be 
developed in order validate the requirements identified. The literature review will help 
identify the most suitable type of intelligent system for a web-based self-service 
provisioning system by using a search process as suggested by Hevner et al. (2004). A 
literature review will also help to identify how each component can be customised to 
obtain the objectives of this solution. Iterative prototyping will be used for the 
implementation of the design identified. Oliver (2009) mentions that prototyping is useful 
for experimentation and to demonstrate the feasibility of a solution.  
The fourth phase of the DSR process addresses part of Research Question 4. The objective 
of Research Question 4 is to determine if the solution can be used to support customers in 
self-service provisioning of telecommunication services. A heuristic evaluation, in the 
form of an expert review, will be conducted with usability and telecommunications 
industry experts. This will be completed to identify the extent to which the prototype is 
usable. This also maps onto the iterative prototyping process, by identifying problems with 
the proposed design through an evaluation and refining the design based on the evaluation 
results. 
An evaluation is required to confirm whether the solution is effective and efficient. This 
must be completed by comparing the objectives of the solution with the observed results of 
the evaluation. Research Question 5 addresses the evaluation that will be conducted using a 
user study with telecommunication service provisioning experts.  
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Suitable evaluation methods and performance and self-reported metrics will be used to 
evaluate the solution, as this phase is an important phase for DSR, as it demonstrates the 
rigour and acceptance of the artefact.  
The final phase of the DSR process is to ensure that the accuracy, usefulness, effectiveness 
and efficiency of the solution are communicated to the correct audience. This phase 
addresses Research Question 6 which is addressed in Chapters 5 and 6. This will be done 
by presenting the proposed design recommendations and contributions made by this 
research using a critical analysis of each chapter’s conclusion and discussion of the 
evaluation results presented in Chapter 5. 
Hevner et al. (2004) have proposed a set of guidelines to conduct each of the phases in 
DSR process based on principles, practices and procedures. The guidelines highlight good 
DSR practice for each phase and its deliverables. The guidelines ensure that the 
contributions or deliverables of each phase are rigorous, have utility and are of high 
quality. These guidelines will be highlighted during the course of this dissertation in the 
introduction section of each chapter. This will be done to ensure that the deliverables of 
each phase meet the DSR guidelines. 
1.5 Dissertation Outline 
The proposed dissertation outline is presented in the form of a narrative description that 
highlights a summary of the contents of each chapter. Figure 1.2 and Section 1.4.4 
provided a breakdown of how the chapters in the dissertation will flow, the research 
strategy(ies) used, as well as the research questions addressed by the chapters.  
The current chapter introduced the research by highlighting a service provisioning problem 
identified in the telecommunications industry. The chapter also introduced a number of 
concepts related to the research. The relevance of the research was discussed as well as the 
outline by highlighting the objectives, questions, constraints and methodologies of this 
research. 
Chapter 2 will address Research Questions 1 and 2 by focusing on the problem domain. 
The chapter will discuss literature on the components in the telecommunications industry 
that are responsible for an effective service provisioning process. The background of the 
components and processes will be discussed.  
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The classification of TSPs, customers and services will be highlighted. In addition, current 
telecommunication service provisioning methods will be reviewed and their shortcomings 
and advantages will be discussed based on the criteria for effective self-service 
provisioning. The problem will be further investigated to identify if the problem is relevant 
to TSPs in practice. Requirements for a web-based self-service provisioning system in the 
telecommunications industry are also proposed in this chapter.  
Chapter 3 will describe intelligent systems and their components by addressing Research 
Question 3. The chapter focuses on determining the most suitable intelligent system for 
supporting service provisioning, by focusing on the application domains, benefits and 
shortcomings. Aspects of the most appropriate system will be incorporated into the 
proposed solution. The selection of an intelligent system will be based on the benefits it 
propose when compared against the requirements for effective self-service provisioning; 
presented as the outcome of Chapter 2. 
The design and implementation of the intelligent solution based on an existing model will 
be discussed in Chapter 4. This chapter will focus on addressing Research Question 4. The 
proposed design will incorporate the most appropriate components of the existing, 
intelligent system model and also address the existing model’s shortcomings. The services 
to be provisioned, algorithms used, user interface (UI) components used and data to be 
captured will be identified. A motivation for implementing the model components in a 
particular manner will be presented. The tasks which the prototype will support for the 
specified type of customer will be discussed. Design issues, identified from the expert 
review, will be presented and necessary improvements will be made. 
Research Question 5 will be addressed by the evaluation of the prototype, which will be 
discussed in Chapter 5. The evaluation techniques and metrics used to evaluate the 
objectives of the solution will be discussed. The experimental design of the study will be 
discussed in terms of the evaluation procedure that was followed. The analysis and 
discussion of the results will also be presented in this chapter. The chapter will present 
design recommendations for constructing an effective and efficient self-service 
provisioning system in support of telecommunication self-service provisioning on the basis 
of the results obtained. 
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Chapter 6 will address Research Question 6 by summarising the results of the entire 
research and determining whether or not, based on the results, the design recommendations 
provided will result in an effective and efficient service provisioning solution. Conclusions 
and contributions that can be drawn from this research will be presented, as well as a 
review of whether the research achieved its objectives. Recommendations for future work 
stemming from this research will also be provided. 
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 Chapter 2: Telecommunication Service Provisioning 
2.1  Introduction 
The previous chapter introduced the research by highlighting the problem currently 
experienced by TSPs. This was done by addressing the first phase of DSR. The problem 
identified is a relevant and important business problem, as the service provisioning process 
can affect the growth of a TSP. The guideline proposed by Hevner et al. (2004) for the 
problem identification phase of DSR, stated that the problem must be highlighted as a need 
for a business. The chapter identified the main problem area by presenting an improved 
service provisioning process and comparing it to the current state. The chapter also 
motivated the reason for solving the problem and provided an introduction to the research 
layout and method that will be used to solve the service provisioning problem identified. 
This chapter further investigates the problem to identify the objectives for the solution. 
Research Questions 1 and 2 are addressed in this chapter, by presenting the role of the 
components involved in the telecommunication service provisioning process and the 
shortcomings of the current telecommunication service provisioning methods. These 
shortcomings, together with the criteria for an effective service provisioning process, will 
be used to present the objectives for a solution in the form of requirements. This covers the 
second phase of DSR which is to define the objectives of a solution.  
2.2 Provisioning of Telecommunication Services 
Sections 2.2, 2.3 and 2.4 address the first sub-research question of Research Question 1, by 
presenting the service provisioning process as well as the role which TSPs, services and 
customers play in ensuring an effective service provisioning process.  
2.2.1 Defining Telecommunication Service Provisioning 
Service provisioning, in general, is the completion of work by one party for another – the 
work done is in the form of a service (Spohrer et al. 2007). Telecommunication service 
provisioning is the provision of access to telecommunication services to customers by a 
TSP, thereby allowing the transfer of information over long and short distances (Linfield 
1990).  
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2.2.2 Service Provisioning Process 
The service provisioning process in a TSP forms part of a larger business operation in the 
business. The service provisioning process forms part of a business operation called 
fulfilment, which is also known as the order management lifecycle (Gupta 2008).The 
fulfilment business operation is the entire process from marketing the business products 
and services up to the provisioning and installation of the products and services for the 
correct customer. The telecommunications industry has an eTOM which is a business 
model that assists TSPs in managing their business operations. The model ensures that 
TSPs effectively manage the business processes required to run an enterprise successfully 
(TelemanagementForum 2001).   
 
Figure 2.1: An abstract of the eTOM business process model (TeleManagementForum 2001) 
 
Figure 2.1 presents an abstract from the eTOM business process model. The model 
describes all the activities and interactions between the different components of the 
telecommunication value chain, in three categories called “Strategy, Infrastructure and 
Product”, “Operations” and “Enterprise Management” (TelemanagementForum 2001). 
Figure 2.1 presents only the Operations category, as this is the category relevant to this 
research. The fulfilment operation which is contained within the Operations category 
comprises the service provisioning process. Fulfilment is the process focused on providing 
customers with a solution (products and/or services) based on the customer’s need.  
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The fulfilment process provides room for enhanced customer satisfaction, by providing an 
updated status of the customer’s purchase order throughout the fulfilment process. The 
fulfilment process also ensures that products or services are delivered to the correct 
customers on time. The customer directly interacts with the Operations category by 
purchasing services through the service provisioning process (TelemanagementForum 
2001).  
 
Figure 2.2: The operations support model for fulfilment (Sherif 2006)  
 
Figure 2.2 presents a model in support of the fulfilment process provided for TSPs to 
follow, during service provisioning. The model highlights the end-to-end service 
provisioning processes and systems involved during the process (Sherif 2006). The process 
contains many human resources which are allocated to support each of the different 
operations in the process. 
The model suggests that TSPs should have various, different processes and systems 
involved in ensuring effective and successful service provisioning. Currently a customer 
comes to a TSP with a problem or telecommunication service need. Based on the 
customer’s need the customer should be able to follow a certain path through the 
provisioning process. For the purpose of this research the customer needs 
telecommunication services. 
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The customer should be referred to a sales representative of the company who will assist 
the customer by capturing the customer’s requirements. The customer explains the need to 
the representative and the representative develops a solution which may consist of many 
different telecommunication products and services. The representative then searches the 
required systems to check whether the products and services required for the solution are 
available. The representative completes the ordering process by storing the customer’s 
order in the relevant business systems. The relevant staff members will then look at the 
order and follow a provisioning process. The provisioning process is dependent on the type 
of service the customer requires. Some products and services might require physical 
installation on the customer’s site, whereas other services only require activation on the 
service provider’s system. The next staff member is responsible for billing the customer. 
This staff member will look at the provisioning system to identify the products and 
services provided to a customer and draw up the customer account, which is used to bill 
the customer for the sale. 
The discussion above highlighted that TSPs, telecommunication services and the 
customers are the components which have to fulfil a role in effective telecommunication 
service provisioning process. 
2.3 Telecommunication Service Providers  
Telecommunication services are provided by different types of telecommunication 
companies. The typical architecture of the telecommunications industry is illustrated in 
Figure 2.3 below: 
 
Figure 2.3: The telecommunications industry architecture (Linfield 1990) 
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Companies in the telecommunications industry are categorised in Figure 2.3, according to 
the nature of the services they provide to their customers (Linfield 1990). The first level in 
the architecture is the Telecommunication Network Operators. These are companies that 
provide the infrastructure for communication to take place, such as the physical 
infrastructure (cables and routers). The second level in the architecture is the TSPs. These 
are the companies that interface with the end-users (customers) to provide them with 
access to telecommunication services, such as telephone or mobile services. TSPs use the 
infrastructure provided by the network operator for the operation of its services. The 
services provided by TSPs range from hosting to email services.  
The characteristics of TSPs are the following: TSPs do not engage in mass production;  
they have no clear project termination date and TSPs provide high levels of project 
customisation (Sherif 2006). These characteristics highlight the fact that TSPs mostly 
provide solutions to customers, depending on the customer’s needs; therefore, no mass 
production occurs as solutions provided to customers usually, must be customised for a 
customer type. TSPs engage in relationships with customers as they are required to create a 
customised solution and, depending on the complexity of the solution, the amount of time 
to provision the service in unknown. The solution referred to can be a set of 
telecommunication products and services. The most common services will be highlighted 
in Section 2.4.  
The role which TSPs play in the service provisioning process cannot be overlooked. The 
telecommunications industry is growing, because more companies are entering the industry 
at the TSP level. New TSPs are providing similar products and services to those which the 
established service providers are providing (Hennessy 2009). New entrants and small TSPs 
are finding it difficult to compete against larger and more established TSPs as the 
established TSPs already have a large number of customers subscribing to their services. 
This causes the small and new entrants to merge, so that they can compete against the 
larger and more established companies, thus increasing pressure on established TSPs and 
the competitiveness in the market (Sherif 2006).  
The customer acquisition rate for each TSP is becoming slower, as customers now have 
more TSPs to choose from when requiring telecommunication products or services (The 
International Marketing Council of South Africa, 2011). South Africa currently has several 
TSPs providing a large number of services to meet customer needs and demands.  
Chapter 2: Telecommunication Service Provisioning 
22 
 
The current dominant TSPs in South Africa are Telkom, Neotel, iBurst, Internet Solutions, 
MTN and Vodacom (The International Marketing Council of South Africa, 2011). 
The success of TSPs depends on their ability to keep customers happy, by helping them 
achieve their goals easily. TSPs should focus on the business processes relating to 
customer relationships, processes that potentially reduce costs and factors that can lead to 
an increase in customer satisfaction and an increase in business growth (SAP-AG 2005). 
TSPSs should start focusing on obtaining competitive advantages over other companies in 
the type of services they offer, the methods used when offering the services, the products 
they offer and their ability to build strong customer relationships. Therefore, TSPs should 
have procedures in place to improve service provisioning, reduce costs and obtain and 
retain a competitive advantage. 
 
Figure 2.4: Trends in the telecommunications industry (Ragoonanan 2011) 
 
Figure 2.4 presents another reason why TSPs need to start implementing methods to assist 
them in reducing costs. The figure shows that the telecommunications industry is 
experiencing a challenge because of an increase in traffic volume of new customers 
acquiring access to the Internet (Ragoonanan 2011). The costs to maintain and amend the 
network infrastructure are increasing as the infrastructure must be able to handle the 
increase in network traffic and yet provide the same quality of service, irrespective of 
network traffic volume. The revenue which telecommunications industry, however, 
generates from the services they provide is not enough when compared to the costs they 
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are required to incur to maintain service quality. Telecommunication companies, therefore, 
need to find ways to reduce costs and to generate income in other areas of the business 
while providing the same high quality services. 
TSPs goals should be to provide telecommunication services to customers in the easiest 
and least expensive way possible, to provide unique services, to provide scalable services, 
allow interoperability and consistently to provide high quality services. The discussion in 
this section highlighted that TSPs play a huge role in the service provisioning process as 
they interface with the end-users of the services. TSPs need to ensure that services are 
provided to customers in an effective and efficient method. 
2.4  Telecommunication Services and Customers 
The telecommunication services and customers are the other components involved in the 
telecommunication service provisioning process. The customer interacts with TSPs 
through the service provisioning process in order to receive telecommunication services to 
satisfy their need. 
2.4.1 Service Definition 
To understand the nature of a service, it must be understood that services surround us every 
day, ranging from commercial to industrial services (O’Sullivan, Edmond and Hofstede 
2002). Services are ubiquitous and valuable; therefore, it is difficult to provide an accurate 
description for a service. To describe a service accurately, all the properties and functions 
of the service should be adequately described (O’Sullivan et al. 2002). There are, however, 
features of services which add to the service description.  
The first feature is that services can be seen as a commodity sold by one entity to another; 
this feature is closely related to the short description of a service provided above. The 
second feature highlights that a service may be an intangible or tangible asset with a value, 
which is transferred from the service provider to the recipient. The third feature explains 
that a service can be contained within another (e.g. a value added service such as the 
guarantee of having a device purchased from a company replaced, when broken). 
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Highlighting these features of a service helps to describe a service (O’Sullivan et al. 2002). 
The description of a service is important as this provides a customer with information 
informing rational purchase decisions. If the information about the service provided to the 
customer is incomplete, customers will experience uncertainty, which triggers questions 
about the service properties (O’Sullivan et al. 2002).  
A service can be adequately described when its properties are expressed to a customer in 
an easy-to-understand manner. There are many different services surrounding us daily 
which can be described in various ways, but for the purpose of this research, the focus will 
be on telecommunication services. A telecommunication service enables the transfer of 
information from one recipient to another, through a telecommunication system, without 
changing the information’s form (Linfield 1990).  
As mentioned in Section 2.3 telecommunication service is provided by different companies 
in the telecommunications industry but accessible to customers through a TSP. Figure 2.5 
shows a breakdown of the components forming a telecommunication service.  
 
Figure 2.5: Components of a telecommunication service (Sherif 2006) 
 
The first component (Network Technology) of the service is not of interest to most 
customers as the information about how the service operates to achieve its goal is 
irrelevant to them. In most cases, the customer does not know what the service comprises, 
but is interested in the area where the service will be applied (Content and Applications 
component). The second component (OSS) of the service is related to the fulfilment 
process and the third is the methods and procedures used to provision the 
telecommunication service (Sherif 2006).  
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A telecommunication service is mainly used for communication purposes and information 
exchange. Telecommunication services also allow businesses to improve processes by 
providing connectivity between staff members throughout the business. This allows easier 
communication and information exchange and integrates different business processes and 
so allows improved business management. Telecommunication services allow users to 
communicate with friends and family through various media ranging from textual to 
speech media. Communication by a telecommunication service, can take place irrespective 
of the location of the message sender and receiver (Linfield 1990). 
2.4.2 Non-Functional Properties of a Service  
The properties of a service are divided into functional and non-functional properties. The 
functional properties of a service are the tangible components of a telecommunication 
service allowing communication and information exchange. A low level description of the 
functional properties of a service does not need to be communicated to customers as most 
customers are not interested in how the low level service components operate. Service 
providers should rather focus on presenting a high level description of the service 
objectives and an indication of what the service can be used for.  
The non-functional properties of a service are important for customers, as these properties 
inform the customer’s purchase decisions. These properties inform the customer about how 
to purchase a service, the functionalities of a service, the available times to purchase a 
service and how customers will be charged for the use of the service. For the purpose of 
this research only the most essential non-functional properties of a service will be 
explained, these are presented below:  
a. Temporal and spatial service availability refers to when and where a service is 
available. In the telecommunications industry, services are available most of the time 
unless the service provider is experiencing downtime due to circumstances or because 
the service agreement restricts access to services during certain time periods. 
Telecommunication services are available from various different locations. This 
property needs to be presented to a customer as this will affect the customer’s 
purchasing decision whether to buy a service or not. The customer will try to purchase 
the service at a location with which the customer is comfortable. A customer will also 
decide to purchase a service if the service is available  at the times required by the 
customer (O’Sullivan et al. 2002). 
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b. Service channels refer to the channels through which a customer interacts with the 
service provider. The channel used to advertise telecommunication services refers to 
the broadcast channel. Broadcast channels can either be through television, radio 
stations, websites, billboards or a combination of these methods. There can be several 
different channels used during a service interaction. The channel in which a 
telecommunication services is requested, can be different from the delivery channel. 
The difference in channels can lead to different operations and different spatial and 
temporal constraints. The telecommunication service can be requested over the 
Internet through a website where this eliminates temporal constraints and the delivery 
channel can be over the counter by the service provider. The delivery channel will 
introduce temporal (time) and spatial (location) constraints of which the customer 
needs to be aware (O’Sullivan et al. 2002). 
 
c. Service charging styles are an important property for telecommunication services. This 
is because telecommunication services are charged in several different ways dependent 
on the type of service. A telecommunication service can be charged in the following 
ways, namely per service request or delivery (e.g. price for a phone call) and unit 
measure of granularity (e.g. how long a telecommunication service or volume of data 
are used). TSPs use different charging styles for different telecommunication services 
(O’Sullivan et al. 2002). 
 
d. Service settlement is a property allowing a customer and service provider to agree on a 
fixed payment method. The two most common service settlements are transactional 
and rental models. The rental model can be seen as obtaining a cell phone contract 
from a service provider where multiple deliveries of a service will take place. Within 
this model the service provider can place constraints on the service (e.g. data bundles 
expire within 30 days). The rental model implies short term or long term relationships 
between the customer and the service provider whereas a transaction model implies an 
agreement on relationship length. The transaction model form determines the 
relationship length. The form mostly used in the telecommunications industry, with 
many competitors providing similar services, is a subscription form which implies 
long term relationships, which makes it more difficult for customers to change service 
providers (O’Sullivan et al. 2002). 
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e. Service quality refers to the measurement of the difference between the service 
expected and received. Customers use service quality as a competing factor between 
service providers. It is thus important for service providers to measure the customer’s 
perceptions of the services offered by the company. Research done by O’Sullivan et 
al. (2002) illustrated that customer perception of service quality can be measured, 
based on the following dimensions, namely, reliability, responsiveness, assurance, 
empathy and tangibles. It is important for TSPs to provide the best quality services and 
to communicate these properties to customers. A service provider may promise to 
provide a certain level of bandwidth and based on the customer’s location the 
bandwidth received is lower than promised. This can immediately change the 
customer’s perception about the service quality received (O’Sullivan et al. 2002). 
Increasing the level of information provided about service properties will help the 
customer to make more informed decisions. This can lead to customers experiencing an 
increase in satisfaction as their understanding about the services they receive will be 
enhanced (O’Sullivan et al. 2002). Telecommunication services contain properties, such as 
different charging styles and delivery media which, differentiate them from other services. 
Therefore it is important to communicate telecommunication service properties to 
customers. Service providers can then use this opportunity to implement effective and 
efficient service provisioning and broadcasting channels, thus causing an increase in 
customer satisfaction (Pezeshki and Mousavi 2009) 
2.4.3 Service and Customer Classification 
There are many telecommunication services provided by TSPs and a service classification 
is required to allow TSPs to keep related services together. This allows for better 
management of services and allows customers to understand the different types of services 
easily.  
Service classifications are used to organise a large set of services by grouping similar 
services together, based on a certain set of criteria (Lovelock 1983). Classifying 
telecommunication services has become a necessity as it allows customers of the TSP to 
have a high-level overview of the services offered within a category of the classification 
(Lovelock 1983). Service classification helps managers to obtain enhanced understandings 
of customer requirements and also provide strategic guidelines for service sellers 
(Lovelock 1983). This also allows the TSPs easily to describe services to customers and so 
Chapter 2: Telecommunication Service Provisioning 
28 
 
ensure that customers’ confusion is reduced as they will have a controlled view over 
services relevant to them (Lovelock 1983). There are, however, many different service 
classifications available in the telecommunications industry which are customised for 
respective TSPs.  
A general model for classifying telecommunication services has been developed by Bin 
Jun et al. (1997). The model in Figure 2.6 classifies telecommunication services, according 
to the user type (different customers in the market). For the purpose of this research, the 
most important user types are individual home users and general industry, as the 
government user has long term contracts with TSPs and rarely engage in the service 
provisioning process. The general industry user is highlighted in Figure 2.6, which 
comprises of SMMEs and LEs. The services are categorised into the purpose and means of 
use category which are the second and third columns in the figure, where services mostly 
used by the general industry are conversation, messages, inspection, control and data 
transfer. Individual home users mostly use services such as conversation and messaging. 
Conversation and messaging are services, such as email and instant messaging, that allow 
communication between two parties (Jun et al. 1997). 
SMMEs and LEs use telecommunication services for multiple reasons, but some examples 
are for communication between different departments in the business, data storage and 
sharing, and for communication with customers and suppliers (Jun et al. 1997). The 
Control and Inspection services are services that allow businesses to inspect the service 
usage, as well as to control it, by looking at what information is being transferred in and 
out of the business (Jun et al. 1997). The Data Transfer service is a service that allows 
parties within a business to exchange information in the form of data.  
The model developed by Bin Jun et al. (1997) can also be used to classify the different 
customers of a TSP. Another general classification of customers can be to separate the 
users into a home Internet user or a business user (Falch 2001). Different customer 
categories have different telecommunication service requirements as their reasons for using 
telecommunication services differ. 
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Figure 2.6: Telecommunication service classified based on user type (Jun et al. 1997). 
The discusion earlier in this section suggested the different ways in which different 
customer categories use telecommunication services. These customer categories were 
created, based on multiple sets of criteria, such as the physical size of the firm and revenue 
generated from the customer. The customer classifications allow companies to keep track 
of current customers and services they mostly use and require. Customer satisfaction is 
also affected by the roll-out of new services, service quality and service performance 
attributes (Pezeshki and Mousavi 2009).  
2.4.4 Telecommunication Services offered in South Africa  
South Africa is one of the countries experiencing rapid growth in the number of Internet 
users (Generic_Analytics_South_Africa 2005). Some of the service categories for South 
African TSPs are: Communication antenna, telecom parts (physical equipment), Voice 
over Internet Protocol (VoIP) products, wireless network equipment and fixed wireless 
terminals. These services are provisioned by a range of network operators in South Africa 
such as Telkom, MTN and Vodacom. Examples of well-known TSPs and ISPs in South 
Africa are Telkom and Internet Solutions (Theron and Boshoff 2006). These companies 
provide a range of services from communication technologies (SAP-AG 2005), such as 
fixed-line telephony, mobile telephone service and connectivity solutions to Internet-based 
services, namely dial-up and Asymmetric Digital Subscriber Line (ADSL) (Andreu et al. 
2004; The International Marketing Council of South Africa 2011). 
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To highlight all general telecommunication services offered by TSPs in South Africa, the 
services will be categorised in a table as voice, business or data services. A high level view 
of the telecommunication services is presented here. Table 2.1 was compiled from 
literature and electronic sources (Alcatel-Lucent 2012; Telkom 2011; Neotel 2009; 
Internet_Solutions 2011). The electronic sources consist of TSPs websites. Table 2.1 
tabulates general well-known services provisioned by South African TSPs. 
Table 2.1: Examples of South African telecommunication services 
Service category Typical Examples 
Voice services  VOIP 
 Peak fixed line 
 Off-peak fixed line 
 Mobile network service 
 Domestic telephone service 
 Conference service 
 NeoIntellect service 
 Voice mail 
Data services  Data hosting 
 Cloud storage 
 Co-Location 
 Saponet-P 
 Virtual private networks 
 NeoLink 
 Virtual hosting 
 Domestic and International leased lines 
Business services  Fax 
 Broadband (ADSL and 3G) 
 Mobile Broadband 
 Data Cards/ bundles 
 Email 
 Domain Name 
 Security 
 
These services represented in Table 2.1 above are most commonly used by individual 
home (residential) and business customers to serve their individual needs. Individual home 
customers mostly use voice services as a casual communication medium between 
themselves, family and friends. Businesses would use the voice service such as the 
conference service more often, as they would use this service for conducting business 
meetings with companies and staff members in another location. Businesses use data 
services such as cloud storage and data hosting services as these services reduces data 
storage costs, allow data to be available to different company sectors, independent of 
location, and ensure that data is easy to administer.  
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The structure and functionality of a business will highlight the businesses 
telecommunication needs, and this is important for the needs identification of the service 
provisioning process. If a business or home requires Internet access, independent of their 
location, they would purchase 3G cards, or install a wireless router, which provides access 
to the Internet independent of the user location. The email service is a service used by 
businesses and residential customers to manage and plan daily events. Email service is also 
used for document, information and idea exchange. Email service is also well known for its 
arranging meetings and the exchange of expert advice between employees 
(Generic_Analytics_South_Africa, 2005). 
 A domain name is another common service among businesses, as it is the service which 
allows a business to be uniquely identified over the Internet (Klensin 2003). The services 
described in this section are widely available from TSPs. Service providers strive to 
differentiate themselves by providing excellent value-added and sale services, such as 
service provisioning methods, payment methods and help desk support 
(Generic_Analytics_South_Africa, 2005).  
It is important for customers to know who the TSP is and what services the TSP provides. 
The role of the service in the provisioning process is important. The service creates an 
opportunity for a well-informed purchase decision from the customer. This role of a 
service will be fulfilled only if the value, application area and non-functional properties of 
a service are well-communicated to the customers. The communication needs to take place 
through an effective service provisioning method that was instantiated by a TSP. The 
customer’s role in the service provisioning process is the understanding of his/her business.  
An improved requirements gathering process may be expected if customers understand 
their business and service properties. Customers will provide clearer requirements, because 
they will understand the role of the telecommunication service required within their 
business. From the discussions in the respective sections above, it was identified that TSPs, 
telecommunication services and customers play a major role in effective service 
provisioning. TSPs need to ensure that they have effective service provisioning methods in 
place that allows for communication of service properties to customers which understand 
their business. 
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2.5 Criteria for Effective Service Provisioning  
Effective service provisioning must be in place for the telecommunications industry, which 
has the highest customer churn rate (Gupta 2008). The churn rate is measured by 
customers acquired and lost by a TSP. TSPs need to have service provisioning methods in 
place that can handle their frequent service introductions. TSPs also require skilled human 
resources to support their customers effectively, as services are bundled together to meet a 
customer’s need.  
To conduct service provisioning effectively, the service provisioning method should 
adhere to certain criteria. Little evidence has been found regarding criteria for effective 
service provisioning. The following criteria for effective service provisioning are proposed, 
based on previous discussions and general industry trends identified by Gupta (2008). 
 Web-based Self-Service system with an Effective UI: The trends in the industry suggest 
that TSPs must definitely focus on a service provisioning method that is web-based 
and allows self-service provisioning (without assistance from a TSP) through a 
friendly and comprehensive UI (Gupta 2008; Yang et al. 2010). 
 Intelligent Component: An intelligent web-based self-service provisioning system can 
be used to assist the customer throughout the process (Ricci and Mahmood 2007). 
Since expert human resource representatives are required to assist customers during 
the service provisioning process highlights, the importance of having an intelligent 
component which can encapsulate knowledge of an expert human, as intelligent 
systems are known for simulating the interaction between a customer and a sales 
representative (Walter 2011). 
 Service Properties Communicated: It is essential for the service provisioning method 
used to communicate the high level description of the functionality of a service, as 
well as all the important non-functional properties which were highlighted in Section 
2.4.2. 
o Functional properties: This includes a textual description explaining the 
functionality of the service to aid a customer’s understanding of the service 
provisioning process. 
o Non-Functional properties: These properties allow customers to distinguish 
between different services. A textual listing of the services’ non-functional 
properties assists customers in finding services which satisfy their need. 
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 Classification: An effective classification of customer and service categorises support 
customer types in searching for products and services which meet their specific need. 
The criteria mentioned above are essential for supporting customers in effective service 
provisioning. The next section discusses the current service provisioning methods 
implemented by TSPs in order to serve their most common customer types (Individual 
home users, SMMEs and LEs).  
2.6 Shortcomings of Current Service Provisioning Methods 
Service provisioning criteria have been proposed in the previous section. Here the 
shortcomings of the current service provisioning methods will be identified by comparing 
them against the proposed criteria for effective service provisioning. The methods 
discussed here, have been identified previously in literature, namely the manual and web-
based service provisioning methods used for home users, SMMEs and LEs.  
2.6.1 Manual Service Provisioning 
Currently TSPs still follow the manual process which comprises all the different processes 
highlighted earlier in Figure 2.2. TSPs conduct manual service provisioning to individual 
home users, SMMEs and LEs. The manual service provisioning process employs many 
human experts in the process, but varies for different customer types. For home users, the 
process can sometimes be completed by one human representative, as the services required 
by home users are fairly simple to provision and configure compared to the services 
provisioned to SMMEs and LEs. The services provisioned to home users are also 
standardised within most TSPs because the need are so similar. TSPs are, however, not 
concerned about the manual provisioning process for home users, as most home users 
require the same service and an effective service provisioning method for home user is not 
a complete differentiator for a TSP. The competition to acquiring home users is mainly 
based on the prices charged for services and branding of the company (Gupta 2008). 
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Conducting the manual service provisioning process for SMMEs and LEs presents some 
limitations to TSPs. The first limitation is that it requires more human resources when 
compared to those which a home user requires. This is because of solutions being 
provisioned to SMMEs and LEs are more complex.  Provisioning services to SMMEs and 
LEs require sales representatives with a high level of expertise. The manual service 
provisioning process for SMMEs are, however, less tedious when compared to the process 
for LEs. This is the case because LEs require complex and almost unique solutions every 
time (Lundberg 2011).  The solutions provisioned to SMMEs on the other hand, might 
sometimes be similar depending on the business nature of the SMME. Some SMMEs have 
standard bundled services which they provision, causing the manual service provisioning 
process to be less time consuming for a SMME. The manual service provisioning for a 
SMME and LE results in different limitation levels. Effective service provisioning methods 
are, however, still required for both types of customers as current manual processes still 
hold many cost limitations to TSPs (Lundberg 2011). The service provisioning methods 
used to serve these customers are important as low prices and branding do not really 
differentiate a TSP, because these customers are willing to pay for service quality and 
reliability (Gupta 2008). 
2.6.2 Web-based Systems 
Common web-based self-service provisioning systems provide customers with an online 
customer portal to view and update profile information, pay bills, track and place orders, 
track and report a fault and obtain contact information (Telkom 2011). Currently, web-
based self-service systems provide solutions to different customer categories namely; 
residential and business where, in some cases, the business category is categorised further 
into large, medium and small businesses (Alcatel-Lucent 2012; Telkom 2012b). A review 
is provided of Telkom and Acatel-Lucent’s websites, as these companies are well-known 
TSPs which have begun to introduce self-service provisioning. The current methods either 
list a product portfolio of services for a business type or they allow customers to purchase a 
pre-packaged solution as seen in Figures 2.7 and 2.8. Other websites only allow customers 
to view individual product and service information. After viewing the information 
customers then need to contact the TSP to place an order.  
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A limitation is that current systems do not support customers in the service-provisioning 
process by suggesting the best solution(s) for the customer’s needs. Allowing customers to 
view a large list of products and services about which they have no knowledge does not 
provide any assistance to customers, but only confusion. Customers might also not 
understand if the services in a pre-packaged solution will meet their needs. Assistance can 
have benefits for both the customer and the business. The assistance can benefit the 
business by providing effective and efficient solutions and customers will benefit by being 
satisfied with the service rendered. 
Telkom currently has an application which allows businesses and residential customers to 
purchase pre-packaged solutions (Telkom 2012b). The pre-packaged solutions do not cater 
for different business sizes and business nature, but only for the standard simple 
telecommunication services which most businesses in general, require. Customers still 
have to understand their need at a lower level in order to purchase products and services by 
using this application. The purchasing process is completed by using a traditional wizard 
approach (Tidwell 2011) (asking the customer a question, and based on the answer the 
process continues, and the next question is presented based on the previous answer 
provided) as shown in Figure 2.7.  
        
Figure 2.7: Telkom order form application (Telkom 2012b) 
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Figure 2.8: Products and services offered for small and medium businesses (Alcatel-Lucent 2012)  
 
Providing a customer with support throughout the service provisioning task can save time 
for the customer and enhance the customer’s satisfaction levels. To obtain these benefits, 
customers should not have to consult a sales representative for advice, but rather find this 
advice in the application. This assistance is not provided in current self-service systems.  
In Figures 2.9 and 2.10 the portal of Telkom’s website in 2011 is shown. The content and 
design of the website was not really updated, as  Figure 2.11 shows the current design. The 
section of the portal allowing customers to place orders typically contains a list display of 
products and services which they offer (Telkom 2011).  
The products and services that customers can purchase on some portals do not comprise 
the entire range of products and services offered by the company (Telkom 2011). The 
portal allows customers to view products and services listed alphabetically. A problem 
results in that customers still need to consult a sales representative for assistance, before 
purchasing a product or service, as the names of the services are not descriptive enough to 
suggest their functionality. 
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Figure 2.9: Telkom customer portal (Telkom 2011) 
Figure 2.10 and 2.11 provide an example of the long alphabetical textual lists of products 
and services. 
  
Figure 2.10: List of products and services on Telkom’s website in 2011 (Telkom 2011) 
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Figure 2.11: List of products and services on Telkom’s website in 2012 (Telkom 2012b) 
 
One positive aspect of the current systems is that customers can now pay bills online and 
see which services they are being billed for. The aspects of billing, customer satisfaction 
and solving technical problems are all equally important for good customer service. In 
Figure 2.9, Telkom’s customer portal is presented with all its functionality (Telkom 2011). 
For this research, the focus is mainly placed on the section labelled ‘Orders’ on the website 
which is the fulfilment process highlighted previously in this chapter. The orders link 
provides customers only with the facility to order a simple selected range of products and 
services (such as voice and messaging).  The website provides links to the customer’s 
account, where customers can update their profile details and pay their bills. The portal 
also provides links to fault resolving, contact information and utilities.  
2.6.3 Summary of Shortcomings 
The extent to which the current service provisioning methods address the service 
provisioning problem is not sufficient and effective enough. Table 2.2 below summarises 
the extent to which the current telecommunication service provisioning methods meet the 
proposed criteria for effective service provisioning. 
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Table 2.2: Summary of the shortcomings of current service provisioning methods 
Criteria Manual Web-based self-service 
Web-based Self-Service with an 
Effective UI 
No Yes- but the UI has 
limitations (long textual 
lists and no user support) 
Intelligent Component Yes- the skilled sales 
representative 
No 
Functional- Service Properties 
Communicated 
Limited- the sales 
representative explaining 
the functions on request 
Limited- only for certain 
products and services 
Non-Functional- Service 
Properties Communicated 
Limited- only a few non-
function service properties 
displayed 
Limited- only a few non-
function service properties 
displayed 
Classification Limited- sales 
representative might 
classify customers 
Limited- does not provide 
a clear distinction 
 
From Table 2.2, it is not clear to see which service provisioning method provides the most 
support for the criteria identified. Each of the methods, however, has its own limitations. 
The manual service provisioning methods do not meet the criterion of being a web-based 
self-service provisioning system. This holds many disadvantages for the TSP and for 
customers especially, for SMMEs and LEs, as the process is costly and long. The sales 
representative will, however, explain the properties of a service to customers, but only on 
the customer’s request. Lack of satisfactory communication leads to purchase decisions by 
the customer that are not well-informed. The customer might still be supplied with the 
most suitable solution as the sale representative of the TSP will have knowledge about the 
solutions. 
The web-based self-service method implemented by TSPs holds more benefits. It allows 
the TSP to save costs, address more customers and provides a possibility for greater 
customer satisfaction. Web-based self-service provisioning methods are what TSPs should 
strive towards, but they are not using it well. Currently the interfaces are not effective and 
efficient because of the long textual lists and limited supported provided to the different 
customer types. They have no intelligent component which can help with the provisioning 
of services to their SMME and LE customers. The individual home users are currently 
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allowed to purchase the simple services which supply their needs. The systems do not 
provide enough support as the properties of the services are not well presented and still 
confusing, because of TSPs not standardising the services for their customers.  
The shortcomings identified support the conclusion that current web-based self-service 
provisioning systems do not provide sufficient self-service capability. The current web-
based systems, however, do have the potential to provide support for the proposed criteria. 
Limited research has, however, been done on assisting the customers with their decision to 
purchase services and this should be investigated and applied to the web-based systems 
(Gupta et al. 2005). The next section consists of a discussion of an Interview Study that 
was conducted to identify if a correlation exists between how industry operates and what 
the literature review has identified. The interview study will provide insight into more 
requirements for the solution and highlight whether the problem identified has rigour, 
which is a guideline presented by Hevner et al. (2004), for the problem identification phase 
of DSR. 
2.7 Interview Study 
The interview study was conducted with six service provisioning experts of a large well-
known TSP in South Africa. A semi-structured interview methodology was used to 
conduct the study. The semi-structured interview was guided by a questionnaire which can 
be found in Appendix A. A semi-structured interview was suitable, as it created the 
opportunity for the experts to expand on the information provided. Each interview was 
recorded by using a Dictaphone, and transcribed to perform an analysis of the content. The 
information provided, ranged from the current processes followed within the company, the 
greatest area of concern regarding the service provisioning process (their customers and 
services provisioned) and requirements for a solution. The TSP used for the study will be 
referred to as Company A in this dissertation.  
Company A has an innovative range of product and service offerings, which are used to 
improve the business of SMMEs and LEs within the private and public sector. Company A 
strives to ensure that their customers’ distinct needs are satisfied.  
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2.7.1 Customer Classification  
Company A has customers, which are categorised into small, medium and large 
enterprises. The category to which the customer belongs is one of the main factors leading 
to the complexity of the customer’s solution after requirements are gathered. The small, 
medium and large enterprises are categorised further into retail and manufacturing 
enterprises. From a management and decision making perspective, customers are 
categorised according to the revenue generated from the customer, as well as by comparing 
customers that use similar products and services. These classification schemes allow better 
informed decisions to be made about which solutions to provide to specific customers. 
Company A’s customers form part of the general industry presented in Figure 2.6 as their 
main customers are SMMEs and LEs.  
2.7.2 Service Classification  
Company A has a variety of products and services, which can possibly serve as a solution 
to telecommunication needs of many enterprises. The main services are classified into high 
level classifications called Communication, Connectivity, Cloud and Carrier where 
multiple services are found within each of these classifications. These classifications are 
also used to communicate to customers about services that they may require. The 
classification is similar to the service classification developed by Linfield (1990), which 
classifies services according to performance behaviour. The classifications are used by 
Company A to allow the customers to understand easily the form of service they require as 
the classifications encapsulate all the products and services. This also allows the sales 
representative to refrain from explaining what each individual service does in detail as this 
is a benefit of service classification as identified in Section 2.4.3. 
Many services are specific to a certain enterprise type (e.g. data hosting services might not 
be required for residential customers as data hosting services might require customers to 
purchase at least 10GB of storage per month). There are services which must be purchased 
in conjunction with other services, as some services are dependent on one another (e.g. if a 
customer requires an email service for external communication, Internet access is needed). 
Company A has identified that a basic starter pack of services for a typical SMME is a 
bundle of services allowing the SMME to use email, voice, Internet, domain name and 
hosting services. These are the basic telecommunication needs which a typical SMME 
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requires to run its business. SMME’s need to have Internet and email access; voice 
interchange capabilities and they would want to be able to co-locate their data (storing the 
data in a central location but allowing a third party to have access to the company 
information from any location). These basic needs of business are also being provided to 
SMME’s by other TSPs. The basic services provisioned to a SMMEs are namely: web 
storage, email accounts, domain registration, and web traffic services (Telkom 2012c). 
This level of service classification can be refined further, based on charging methods, 
lowest billing time or requirements of the customer (e.g. Internet service can be broken 
down into 3G, capped and uncapped etc.). The customer will opt to use 3G if the 
customer’s workers are mobile and require Internet access; therefore communicating these 
properties of telecommunication services are important.  
2.7.3 Current Service Provisioning Challenges  
Company A has a structured service provisioning process currently used to serve all 
customers, based on the general ordering process in the e-TOM model. The current “as-is” 
process consists of the following: 
Firstly a customer will call Company A or come into the offices with a need. The customer 
can either be a new customer or an existing customer. The first phase after the first point of 
contact is called the engagement phase, where the accounts manager (AM) goes to the 
customer to gather requirements. The AM spends time trying to understand the customer’s 
business and the business’s structure (the staff, customers, infrastructure and processes). 
Once the AM understands the customer’s business, the customer and AM follow a process 
of gathering requirements, by looking at ways in which telecommunication services can 
support the business.  
Previously a pre-sales questionnaire was used but some problems were identified; the 
questionnaire was too long as the number of services provided by Company A had grown 
over the years. This pre-sales questionnaire is currently being amended by Company A. 
The AM uses his/her expertise to gather requirements from the customer. The AM 
carefully explains to the customer what products and services are required to run their 
business more efficiently. The AM also highlights the positive impacts that the 
implementation of the telecommunication services will have on the business. The solutions 
suggested are based on multiple criteria (e.g. capacity, latency and the number of 
transactions that will be completed using the solution). The AM then draws up a diagram 
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which drafts the solution, showing all products and services forming part of the solution. 
This diagram is used to communicate with the customer. This diagram is also used to show 
how products and services will integrate to serve the customer’s requirements. Based on 
the diagram, the AM draws up a proposal which also serves as the contract between 
Company A and the customer. From this proposal and solution, a bill of materials is 
constructed showing the prices of all materials to be used in the solution. This bill of 
materials goes to a different sales team to provision the services. The customer information 
is then captured into Siebel (the CRM system).  
The required information about a customer is stored by Company A, to create a customer 
account which reflects the signing of the customer for the services presented in the 
proposal. The solutions architect (SA) then agrees on the solution. Depending on the 
complexity of the solution, either a project manager (PM) or an installation project 
manager (IPM) is assigned to the project (Their role is basically the same but just limited 
in the number of resources committed to the project where the IPM can install the solution 
him/herself or is more focused on administration work). 
 The administration task of the IPM is to check whether he/she has the technical overview, 
the schedule and the contracts for these services. The PM or IPM uses Siebel to generate 
work orders for the different Installation Engineers (IE). The IEs are responsible for the 
complete installation of the different services relating to their speciality (during this phase 
the work orders are carefully monitored as some services must be installed before others). 
If the customer is satisfied with the solution, the customer will be billed for all the products 
and services reflected in Siebel. A diagram outlining this manual process is presented as 
part of Appendix A. 
Company A faces the same challenges identified in literature in Section 2.6 where it has 
human resources allocated throughout the service provisioning process. During the first 
phase the AM is required to use his knowledge and expertise to create an optimal solution 
that meets the customer’s needs. The solution can, however, be very subjective as different 
AMs might have different solutions to solve the same problem.  
During the solution identification process the AM is completing many tasks manually and 
the challenge is to prevent human error, as parts of the solution can be lost in translation. 
The AM may provide names for products and services in the solution which are incorrectly 
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interpreted by the IE. The result of having all the human resources allocated throughout the 
process creates quality problems, as there can be many inconsistencies in the solution.  
There are some established systems helping Company A to manage customers and 
allowing customers to interact with some of their data. The main system allowing 
customers to interact with Company A is the Customer Zone, which is a customer portal 
available to Company A customers only. The Customer Zone, however, focuses on 
allowing customers to view the fulfilment, assurance and billing space of the e-TOM 
model presented in Figure 2.1. The Customer Zone allows customers to log service tickets, 
check usage when services are up or down, check services for which they are being billed, 
and is mostly used as a reporting portal for customers. The Customer Zone does not 
provide customers with the facility to self-serve or amend any of their services. 
From the interview study with Company A, it was identified that there is a need for SST 
within the telecommunications industry and that the research should focus on automating 
the service provisioning process for SMMEs. This is because current systems used by 
TSPs and solutions provided are not structured for automating the service provisioning for 
LEs, as the solutions required by LEs require customisation and are complex when 
compared to what SMMEs and individual home users require. Another reason mentioned 
by the TSP was that the amount of human resources that has to be allocated to provision 
services to a SMME can sometimes cost more than the revenue generated from providing 
the service. This problem is similar to that found in literature.  
This is because the solution which SMMEs require can be fairly small and similar to 
solutions already used for other SMMEs, but still the entire process needs to be conducted 
manually. The same trend was identified in industry where Figure 2.4 showed that the 
revenue generated from telecommunication services are below the cost of maintaining 
service quality. It is then feasible and worthwhile to automate the service provisioning 
process for these kinds of projects. This automation can be done to reduce costs incurred 
by TSPs. However, little research in the telecommunications industry has been devoted to 
implementing and improving the quality of service delivery to SMMEs (Andreu et al. 
2004). The quality of service delivery to SMMEs can be greatly affected by allowing the 
SMME to purchase telecommunication services efficiently and effectively. 
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The interview study with Company A also presented an area of focus for this research and 
a preliminary idea on what this research should focus on to solve the problem. These 
requirements form the user requirements for this research and they are presented in the 
following paragraph. 
The solution should show a good understanding of the end-to-end service provisioning 
process of a typical TSP and illustrate how exceptions will be handled. The system needs 
to be an online self-service system for customers. The research will, however, not be able 
to implement the solution within a TSP. The reason is that companies will not allow the 
solution to integrate and save information into their existing live systems. Another 
challenge is that most of the systems used within TSPs do not have application 
programming interfaces (APIs) available. The solution is required to simulate most of the 
operations which require integration with the TSPs back end systems. The required 
solution would not be able to do the actual service activations as this also requires 
integration with the TSPs back-end systems. The solution will, however, have to simulate 
the service activations. The focus of the solution should be to provide the customer with 
the best experience when using the self-service provisioning system. The solution should 
provide the customer with an easy-to-use interface which does self-service provisioning 
effectively and efficiently. The solution should also be focused on assisting customers to 
improve their businesses. The solution is required to recommend services and solutions 
which have worked for similar customers previously. The solution should also allow 
customers to understand the products and services and allow customers to see how these 
products and services can be used to assist their business. The interview study has helped 
to identify how a TSP operates and helped to identify user specific requirements for the 
solution. The next section presents the requirements for an intelligent web-based self-
service provisioning system. 
2.8 Self-service Provisioning Requirements 
The requirements for an intelligent web-based self-service telecommunication provisioning 
system presented in this section were identified from a review of the findings in literature, 
criteria for effective service provisioning and the interview study that was conducted with 
service provisioning experts. Further investigation was done on the requirements received 
thus far, to obtain low level requirements which will eventually form the objectives of the 
solution. The low level requirements identified are presented in the paragraphs that follow. 
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The telecommunications industry, being one of the industries that capture copious data, 
requires a solution that is able to filter through large amounts of data to provide customers 
with support during the service provisioning process. The solution is required to have a 
database in which domain and expert knowledge used in the service provisioning process 
can be stored to provide a customer with a solution. The solution must also be able to 
interpret the customer’s needs and convert them into requirements. After identifying 
requirements, the recommended solution must satisfy the customer’s needs. A self-service 
system must not only reduce human costs of human resources but also provide the means 
of retaining customers and of up-selling and cross-selling products (Gupta et al. 2005). In 
order for a self-service system to be effective, it has to contain accurate and sufficient data 
which ensures that the support provided to customers is effective. The self-service system 
should also allow TSPs to recommend and promote new products and services that can 
better satisfy the customer’s needs (Gupta et al. 2005). An important usability aspect that a 
self-service system should definitely provide is ease-of-use as customers are required to 
use the system as efficiently as possible to achieve their goals (Gupta et al. 2005). 
Performance criteria are also presented to provide a good user experience to a customer 
when using the system. The solution should be consistent and accurate in its performance 
and in the support provided to the customer for self-service provisioning. Rules should also 
not be redundant and superfluous by having two different rules providing the same results 
in the same situation. The reasoning techniques which the system contains should be 
correct, have good human-computer interaction techniques and be cost effective and 
efficient (Wang 2007).  
The solution should be easy to integrate with existing systems and be easily accessible to 
end-users (Rothenberg et al. 1987). Martínez et al. (2008) have also suggested that the 
solution should be robust and stable. Herlocker et al. (2004) have identified that accuracy 
is not important on its own, as the system can provide accurate solutions which are not 
useful; therefore the system should provide useful solutions, which motivates the 
requirement of having a rule base that is up-to-date and relevant.  
The TSPs should start to focus on providing the customers with a satisfactory experience 
from the first point of contact in the service provisioning process to keep customers happy. 
These interfaces are the communication or information exchange media with which the 
customer interacts. These interfaces must be easy to use, allow customers to achieve their 
Chapter 2: Telecommunication Service Provisioning 
47 
 
goals quickly and allow customers to effectively communicate and exchange information 
with the TSP.  
TSPs are required to focus on the information exchange media and interfaces used to 
communicate and exchange information with customers. TSPs need to implement methods 
automating the service provisioning process to obtain greater cost benefits for the business 
and improved customer satisfaction. 
The overall requirements identified in this chapter are summarised and tabulated in Table 
2.3 to Figure 2.6.  
Table 2.3: Functional requirements  
Requirement Section 
1. Automate the service provisioning process for telecommunication 
services which constantly changing    
2.5 
2. Search and provide solutions based on customer needs  2.3, 2.7 
3. Provide the customer expert assistance during the service 
provisioning process  
2.5 
4. Select  a solution based on more than one criterion  2.7.3 
5. Simulate operations of service provisioning process required for a 
smooth operation  
2.7.3 
6. Do up-selling recommendations  2.8 
7. Recommend products without customer profile information and 
solely based on customer needs and properties of products and 
services  
2.8 
8. Allow rules to be updated easily 2.8 
Table 2.4: Performance requirements  
Requirement Section 
1. Provide the customers solution efficiently  2.8 
2. Present consistency in its performance  2.8 
3. Not have conflicting rules in rule base  2.8 
4. Be robust and provide useful decision support  2.8 
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Table 2.5: User requirements 
Requirement Section 
1. Do self-service provisioning for SMMEs  2.7 
2. Identify the customer’s requirements and suggest a solution 
package.  
2.7 
 
Table 2.6: Design and Information requirements  
Requirement Section 
1. Present product and service information in a language 
understandable by customers  
2.4.1, 2.7.3 
2. Categorise products and services for easier interpretation  2.4.3, 2.7.2 
3. Display up-to-date and relevant information 2.8 
4. Present an interaction medium and interface that promotes 
customer satisfaction 
2.6 
5. Display functional and non-functional properties of services  2.5 
6. Do not use long textual lists of products as this is confusing and 
time-consuming for customers to use when viewing product and 
service information   
2.5 
7. Provide a UI that allows effective and efficient service provisioning  2.6, 2.7.3 
8. Present the solution provided in a format which customers can 
understand 
2.6 
9. Have a design that firstly asks the customer for his/her need and 
then customer information 
2.6.2 
 
The requirements are categorised into four categories namely: functional, performance, 
user requirements and design and information. These requirements can be interpreted as 
qualitative and quantitative according to the definition of the objectives phase of DSR. The 
interview study and literature review techniques for defining objectives for the solution 
were proposed by Ellis and Levy (2010). 
2.9 Conclusion 
TSPs and customers engage in a process called the service provisioning process, which is 
an important process that differentiates one TSP’s success from another. The role of TSPs 
in the service provisioning process is important as they need to ensure an effective service 
provisioning method for customers. The properties which distinguish the services 
provisioned to the customer need to be communicated during the service provisioning 
process, in order for customers to make well-informed purchase decisions.  
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Several criteria for effective service provisioning were proposed. These include the need 
for intelligent web-based self-service provisioning systems with effective UIs. The current 
manual service provisioning method is time-intensive and costly for TSPs. The web-based 
methods implemented are not effective as they provide long textual lists of products and no 
support to customers. From the literature and interview study conducted, it was evident 
that there is a need for an intelligent web-based self-service provisioning method for 
SMMEs. This is because the human resources allocated to provide a solution sometimes 
exceeds the revenue generated from provisioning the service. The solutions provided to 
SMMEs are also similar and less complex and can be generalised across different SMMEs.   
Currently the solutions provisioned for LEs are too complex to automate, as they are 
customised for each LE. The home users on the other hand have services that are fairly 
simple to provision, as the services are similar most of the time. It was identified that the 
solution requires a system, which has intelligence to provide the customer with assistance 
during purchases by recommending solutions based on customer requirements.  
This chapter has identified a problem that has rigour and is relevant to TSPs in practice. 
The interview study and shortcomings of the current methods, when compared to the 
proposed criteria for effective service provisioning, produced objectives for a solution in 
the form of requirements. According to the guidelines proposed by Hevner et al. (2004), 
the requirements identified are seen as an artefact, which can be used by researchers to 
address a similar problem.  
The next chapter will identify a suitable intelligent system in support of the service 
provisioning process. This is because a web-based system that contains expert service 
provisioning knowledge must be developed. The most suitable intelligent system will be 
identified by using a search process, addressing the third phase of DSR. 
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 Chapter 3: Intelligent Systems 
3.1 Introduction 
The previous chapter provided insight into the telecommunications industry, presenting the 
methods currently used by TSPs to provide services to customers. The chapter also 
highlighted the services and their properties, which have to be communicated to customers 
by TSPs, during service provisioning. The shortcomings of the current methods identified 
in Chapter 2 involve the limited support provided to SMMEs and LEs on current websites 
and the inefficient manual, time-intensive provisioning process. The primary objective of 
this chapter is to identify the most appropriate type of intelligent system and techniques 
which can support self-service provisioning of telecommunication services to SMMEs.  
This chapter aims to discuss intelligent systems in general, focusing on those commonly 
used to support web-based self-service service provisioning. This chapter addresses 
Research Question 3 by using an intensive search process to identify a suitable type of 
intelligent system to solve the problem. This chapter forms part of the third phase of DSR, 
which is to identify a design for a solution to the problem. The guideline proposed by 
Hevner et al. (2004) for the third phase, states that rigorous methods together with an 
intensive search process should be used to identify a design for the solution. 
3.2 Intelligent Systems 
The growing trend in businesses today, is implementing SST. Industries such as the 
financial (e.g. automated teller machines), airline (e.g. online booking) and e-commerce 
(e.g. purchasing groceries online) industries have started implementing self-service 
technologies (Meuter et al. 2000). This form of service provisioning eliminates 
interpersonal human contact between customers and sales representatives of companies. 
The large amount of human resources required to conduct the service provisioning process 
is one of the main concerns which this research addresses. This change in the provisioning 
process has been brought about by the automation of service provisioning, thus eliminating 
the human resources normally used during the service provisioning process.  
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Self-service provisioning changes the way in which companies interact with their 
customers and the way in which the service provisioning processes is completed (Meystel 
and Messina 2000). Companies have reaped benefits from eliminating human resource 
costs in the service provisioning process, as they achieve higher profits even if they charge 
lower prices for their products and services (Liang 2011).  
The technology used to enable self-service provisioning as mentioned in Chapter 1 is web-
based SST. SST is becoming a critical component in customer-to-business interactions 
such as the interaction between a sales representative and a customer. (Meuter et al. 2000). 
This is due to the fact that it saves the customer time and money, allows the customer to 
purchase a product whenever the customer wants to and allows customers to satisfy a 
specific need. In some cases, customers prefer SST over the interaction with a sales 
representative (Meystel and Messina 2000). The cases referred to are when customers 
require a solution quickly and when customers know which product or service they desire 
to purchase. 
This is also the case when customers are not located close to the business from which they 
need to purchase a product or service. In other cases customers would also follow 
recommendations provided by fellow customers who have previously purchased a product 
or service (Schafer, Konstan and Riedi 1999). The SSTs which provide the benefits 
highlighted in this section are developed by using intelligent systems and intelligent system 
implementation techniques. Intelligent systems were used for SST development as they 
support closed and open systems.  
A closed system is characterised by having “tame” problems, which it has to solve and an 
open system has problems which are ”wicked” and require intelligence to solve (Meystel 
and Messina 2000). A closed system is a system that has clear objectives and requirements 
at the beginning of the systems design whereas open systems requirements are incomplete 
and constantly changing (Meystel and Messina 2000). In this research, intelligent systems 
must be used to solve a “tame” problem as the objectives of the solution were clearly 
highlighted in Chapter 2. 
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3.2.1 Terminology and Definition 
An intelligent system is a system that learns how to act to attain an objective (Walter 
2011). An intelligent system originates from the concept of Artificial Intelligence, which is 
creating intelligent computer programs, exhibiting behaviour that would be regarded as 
intelligent in humans (Howe 1991). In order for intelligent systems to function, they either 
require expert knowledge for rule-based techniques to be used or training for intelligent 
techniques to be used, such as neural networks (Clarkson 1999).  
From the 1970’s intelligent systems started to incorporate a knowledge component where 
intelligent systems were referred to as knowledge-based systems (Kabbaj 2006). This is 
due to the fact that the system contains a repository of knowledge (database) which drives 
the system to achieve its goals. The next generation of intelligent systems then started to be 
autonomous where intelligent systems had their own intelligence programmed into the 
system. Autonomous systems still received their data from external data sources, such as 
user and task models. The current generation of intelligent systems is embedding 
intelligence into virtual objects, allowing intelligent systems to behave more like humans.  
The business industry is striving towards replicating the behaviour of real life objects by 
using virtual objects to eliminate costs incurred by human labour. The intelligence referred 
to in this context is the system’s ability to reason, learn and solve problems (Negnevitsky 
2005). The system’s intelligence is controlled by the component called the intelligent 
controller which contains the tools and techniques implemented to attain intelligent 
capabilities (IntelliResponse 2011).  
The simulation of human behaviour is an objective of intelligent systems. The main human 
behaviour which has to be simulated by the system, in the context of this research is the 
sales assistance process, by identifying customer requirements and choosing the most 
appropriate solution, based on the customer requirements. 
Figure 3.1 presents the architecture of a generic intelligent system. A typical intelligent 
system solves a problem by receiving a condition as an input from its sensors. The input 
from the environment component can be the customer’s problem that it must solve (Walter 
2011). The system then chooses an appropriate response rule that guides the system closer 
to its objective. The learning element consults the problem generator, which explores 
different solutions that could provide optimal results.  
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Figure 3.1: Generic architecture for an intelligent system (Norvig and Russel 1995) 
The Performance Element (PE) is the controller in charge of reviewing the problems and 
mapping actions to the problem, leading to a solved problem. The system then carries out 
an action through its effectors component, for example, displaying the products and 
service/s the customer should purchase. The system chooses from response rules stored in 
the system’s memory (e.g. knowledge database) to obtain solutions for the problem.  
The knowledge database can be created from different sources: in this context, the source 
can be expert knowledge of the service provisioning process, contained by the sales 
representative. The expert knowledge is the sales representatives’ understanding of the 
product and service properties and their capabilities. This understanding helps to identify 
products and services which will solve a particular problem (Norvig and Russel 1995). 
3.2.2 Benefits and Uses of Intelligent Systems  
Intelligent systems are well known for their use in business. Intelligent systems have 
helped businesses improve productivity by assisting in decision making and by gaining 
competitive advantages, as the system assisted in the automation of many operational 
business processes, such as sales, marketing, purchasing, manufacturing and advertising 
(Negnevitsky 2005).  
Intelligent systems have also helped businesses to capture customer behaviours and has 
helped to identify patterns that allowed businesses to predict the buying patterns of 
customers and their products of interest (Negnevitsky 2005). Intelligent systems have also 
successfully helped businesses with customer service by providing customer assistance 
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during purchase decisions. Intelligent systems have helped businesses to predict financial 
market trends and in the scheduling of their projects. The product selection support 
provided to customers was deemed interesting for this research, as it reduced the amount of 
products and service descriptions  the customer had to browse through before making the 
final purchase decision (Meuter et al. 2000). 
Intelligent systems are, in most cases, used to support decision making and problem 
solving applications. Intelligent systems, however, provide a number of benefits for 
businesses and end-users, such as the following (Howe 1991): 
 Are consistent in the service provided to end-users; 
 Perform enhanced problem solving for end-users; 
 Provide immediate feedback to businesses and customers; 
 Allow businesses to improve decision making quality; 
 Allow businesses to save costs by reducing the number of employees and costs 
spent on training. 
Intelligent systems are also used as information agents, monitoring agents and 
recommendation agents (Turban, Aronson and Liang 2004). Information agents are 
intelligent systems whose objective is to provide information specific to a certain request. 
Monitoring agents are intelligent systems that monitor trends in a specific market and 
predict future trends. Recommendation agents mainly use the web as a delivery platform 
and recommend items to a customer relevant to a specific customer request. 
Recommendation agents have been  successfully used in the e-commerce industry in 
recommending books to customers who have similar tastes (Turban et al. 2004). 
3.2.3 Different Types of Intelligent Systems 
There are different types of intelligent systems which have been developed through the 
years. This research will only focus on the three most recent types of intelligent systems 
used to address similar problems to the one identified in this research. These intelligent 
systems also have the potential to be used on web-based self-service provisioning systems. 
The intelligent systems are autonomous knowledge-based systems, intelligent agents and 
hybrid intelligent systems (HIS) (Sajja and Akerkar 2012).  
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The reason for focusing on the three most recent intelligent systems is because they have 
benefits over older intelligent systems as intelligent systems have improved with time. 
When intelligent systems were in their infancy, they were not focused on supporting 
business processes, as they were mainly used in the gaming industry. The second type of 
intelligent system, which was the pure knowledge-based intelligent system, started to be 
used in businesses to assist employees in business processes. This was done by making 
expert knowledge captured in a knowledge base, public within the work environment. The 
third type, which is the autonomous knowledge-based intelligent system, has benefits over 
the second type, such as having improved decision making in an unknown situation and it 
was widely used in business today to support decision making.  
One of the intelligent system types has intelligence incorporated into a virtual object such 
as an intelligent agent (Norvig and Russel 1995). The intelligent agents have more benefits 
since intelligent agents support customers in business, through entire business processes 
and create better customer experiences by presenting some form of human emotion. They 
also create improved customer engagement and have been used successfully as part of 
web-based self-service provisioning systems. Another form of intelligent system is the HIS 
which implements a combination of intelligent system techniques to accomplish more 
complex goals. Intelligent agents, HIS and autonomous knowledge-based systems are 
discussed in more detail in the rest of this chapter. These intelligent systems are discussed 
to identify how their benefits and application areas can be replicated within the 
telecommunication industry.  The review of these three intelligent systems aids the search 
process of identifying the most suitable intelligent system, to support the web-based self-
service provisioning process.  
Figure 3.2 presents the structure of the review process conducted in this chapter, by 
presenting a hierarchy of the order in which the different types of intelligent systems will 
be reviewed and compared.  
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Figure 3.2 : Structure of the review process  
3.3 Intelligent Agents 
An intelligent agent is an autonomous software system which has a built-in knowledge 
base and acts by learning or by using its knowledge about the environment to achieve a 
goal (Meuter et al. 2000). An intelligent agent is a software agent that has its own 
perception of a situation. It reasons, acts to solve problems and communicates to other 
agents, systems or users (Griggs and Wild 2003). Intelligent agents are well known for 
their ability to learn quickly from the large volumes of data in their knowledge base as well 
as their ability to add new problem-solving rules to the rule set in their knowledge base 
(Meystel and Messina 2000).  
3.3.1 Different Types of Intelligent Agents 
There are different types of intelligent agents such as cognitive and reactive. They are 
dependent on the intelligent agent’s behaviour (Kabbaj 2006). Cognitive agents are 
intelligent agents with the ability to reason, learn and problem solve. Reactive agents are 
intelligent agents that have the ability to perceive the environment and react to the 
conditions, especially when the conditions are constantly changing (e.g. if the problem the 
system is required to solve is constantly changing). An integrated agent is an intelligent 
agent that contains the capabilities of both cognitive and reactive agents and creates an 
increased perception of executing human-like behaviour. There are different classes of 
intelligent agents ranging from simple reflex agents to learning agents (Norvig and Russel 
1995). 
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 A simple reflex agent only focuses on the current perceived environment (e.g. the current 
problem); ignores any history (e.g. previous results of similar problems) and succeeds in a 
fully observable environment (e.g. if the problem is clear) (Norvig and Russel 1995). A 
learning agent, on the other hand, incorporates history into its actions. The environment 
does not need to be fully observable, as it mainly operates in unknown environments. 
Another class of intelligent agent is a goal-based agent which has clear desired goals and, 
based on the environment, it chooses between various possibilities to achieve its goal. 
The different types and classes of intelligent systems are presented in Figure 3.3. 
 
Figure 3.3: Classification of intelligent agents (Turban et al. 2004) 
 
As we can see from Figure 3.3, focus is only placed on the task-specific intelligent agents 
as these are the intelligent agents used for assisting businesses in an online environment 
and are relevant for this research. Task-specific agents are the information provisioning, 
monitoring and recommending agents mentioned previously in this chapter. These agents 
are software agents designed to complete or automate a specific task of the business 
(Turban et al. 2004). 
3.3.2 Applications of Intelligent Agents 
Intelligent agents are designed to make the task of the business customer easier. Intelligent 
agents are widely used on the web to assist businesses in automating repetitive tasks 
(Webopedia 1999). Intelligent agents have also been used in the commercial industry for 
information management, business process management and e-commerce. In information 
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management, intelligent agents were used to search and filter through large amounts of 
information to reduce information overload (Jennings and Wooldridge 1998). Intelligent 
agents are used in business process management to represent different departments in the 
business.  
3.3.3 Benefits and Shortcomings of Intelligent Agents 
Intelligent systems have produced many benefits to industries, highlighted in the previous 
section (e-commerce, business and air traffic industries). Firstly, it has reduced product 
support costs by having the agent automatically reply to customer emails requiring 
company support to solve problems. This has also led to an increase in customer loyalty as 
the customers are satisfied with the quick responses (Serenko and Detlor 2004). Secondly, 
it helps the employees of the company to quickly understand complicated software, by 
having an intelligent agent train the employee in the new or complicated software. Thirdly, 
it has helped companies to have an online presence, to link their business goals to customer 
goals by collecting and analysing customer preferential information. Lastly, it allows 
businesses to make more informed business decisions thus leading to fewer failures and, 
this has allowed businesses to reduce training costs, by introducing agent based training. 
There are, however, some concerns and issues about using intelligent agents in business. 
Before implementing intelligent agents in business, companies need to consider whether 
their customers are human-based or technology-based as human-based customers would 
prefer not to use intelligent agents. Customers might become annoyed by the agents as they 
might not display correct human-like behaviour (IntelliResponse 2011). The level of 
intelligence which the agent has is important as the level of intelligence which the 
intelligent agent has should allow the agent to achieve its goal easily. Intelligent agents are 
also quite expensive to develop as the development process is difficult, time-consuming 
and very risky (Jennings and Wooldridge 1998).  
There is also the issue of security where the intelligent agent should not harm the 
customer’s computer (Patrick, Ryan and Kenneth 1997). Businesses should also be aware 
that the intelligent agent should maintain the business brand as the intelligent agent will 
represent the business. Intelligent agents which do not portray this brand will prevent 
customers from using the system  (IntelliResponse 2011).    
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3.3.4 E-commerce and Information Provisioning Agents 
Agent technologies have allowed the e-commerce industry to become more user-friendly, 
semi-intelligent (not as intelligent as a human being) and human-like because agent 
technologies create a personalised experience (Pivk and Gams 2000). For e-commerce to 
survive by using e-commerce agents, the industry requires knowledge of experts in the 
business domain in which the agent is used (Pivk and Gams 2000). By highlighting the 
manual, buying process in business, we can see that e-commerce agents play an important 
role for repetitive purchases (Pivk and Gams 2000).  
There are specific e-commerce agents to complete tasks in the buying process, such as the 
monitoring tasks which the “Eyes” application of Amazon does (Pivk and Gams 2000). 
After identifying the customer’s need, the customer has to decide which products or 
services to buy based on an evaluation of the product and service information presented by 
the e-commerce agent. There are specific agents that were implemented by businesses for 
this role, such as “Firefly”, a recommendation agent by using a collaborative filtering 
technique. 
The next phase of the buying process is having an e-commerce agent assist the customer to 
find the best product depending on the price, availability and value added services (Pivk 
and Gams 2000). The next phase is negotiation, this phase is normally essential in 
business-to-business e-commerce, as business always requires ways to generate more 
income than expenses. This phase is not needed in the retail industry as it has fixed prices. 
The next phase of the buying process is payment and delivery where the e-commerce 
agents arrange the sale by issuing work orders to staff members. The last phase handled by 
e-commerce agents is product and service evaluation, which is determining whether the 
customer was satisfied with the buying experience and product and service decision.  
Examples of e-commerce agents presented in Table 3.1 highlight the fact that none of the 
companies have developed e-commerce agents responsible for identifying customer needs, 
handling payments and doing service evaluation. Identifying needs of a customer is an 
important requirement for this research. E-commerce agents are successfully used in the 
second, third and fourth phases of the service provisioning process. There are, however, 
issues to consider when using intelligent agents in identifying customer’s needs, as the 
intelligent agents are required to have expert knowledge. Intelligent agents are only well 
suited for predictable and repetitive supplies in need identification (Pivk and Gams 2000). 
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Table 3.1: Examples of e-commerce agents and their roles (Pivk and Gams 2000) 
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3.4 Hybrid Intelligent Systems  
A hybrid intelligent adaptive system is an intelligent system which has different learning 
and adaptation techniques working together within one architecture to solve more complex 
tasks (Jacobsen 1998). The development of HIS is also used to overcome the 
implementation limitations of single intelligent system techniques by a hybridisation of 
various techniques. Each technique, however, has its advantages and disadvantages and the 
techniques need to be selected carefully so that the implementation techniques can provide 
good results (Pattaraintakorn, Cercone and Naruedomkul 2005). Techniques to solve 
domain-specific problems have to be selected from well understood techniques. When 
techniques are combined, the disadvantages of one technique must be addressed by the 
other technique (Jacobsen 1998). Therefore when implementing HIS, the main focus is 
integrating different components of the techniques so that these techniques can 
complement one another in achieving the intelligent systems’ goals (Jacobsen 1998). 
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3.4.1 Different Types of Hybrid Intelligent Systems 
There are different HIS available and the one chosen is dependent on the task the system 
has to complete. Firstly, there is a function replacing a HIS, where the function of one 
technique is replaced by another to enhance the speed and reliability of the technique, 
which is why HIS are used (Sonar 2008). The second form of hybrid is 
intercommunication hybrids, where different techniques perform as separate modules 
which exchange information to generate solutions. This works well when the main 
problem can be broken down into sub-problems so that the different techniques can be 
used to solve sections of the problem which it can solve best. The third type of hybrid is 
the polymorphic hybrid which achieves the functionality of different intelligent system 
techniques by using a single architecture.  
3.4.2 Applications of Hybrid Intelligent Systems 
HIS are used to enhance singular intelligent techniques by combining techniques which 
support one another. HIS have also been used for applications where one technique was 
not able to provide a good solution (Sonar 2009). HIS are widely used in business to 
support business intelligence where various intelligent techniques could not attract, retain 
and perform data mining efficiently on their own (Sonar 2009).  HIS have been used in the 
telecommunications industry to allow TSPs to identify usage patterns of customers so that 
TSPs could develop plans suitable for the various usage patterns (e.g. a plan that is suitable 
for a customer that receives more incoming calls). A HIS was also used by marketers to 
assist them in creating marketing campaigns for telecommunication companies (Rezende, 
Freitas and Nakamiti 2006). The system uses the case-based reasoning, rule-based 
reasoning and data mining techniques to accomplish its goal in assisting marketers to 
develop marketing campaigns The system has helped marketers to identify better 
marketing strategies by looking at current and previous conditions forming the system 
knowledge (Rezende et al. 2006).     
3.4.3 Benefits and Shortcomings of Hybrid Intelligent Systems 
HIS have many advantages over single intelligent techniques as the combination of various 
techniques is mainly to solve problems which a single intelligent technique cannot solve 
optimally. HIS have advantages over intelligent agents presented previously in this 
chapter, as a HIS applies a combination of techniques to enhance a single technique’s 
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performance where intelligent agents are task-specific and only implement one intelligent 
technique to solve the problem at hand (Sonar 2009). HIS provide advantages such as 
robustness, faster response times and adaptability (Pivk and Gams 2000). 
There are, however, several concerns raised when deciding to use HIS. The main concern 
faced in using HIS is firstly, to determine which techniques can be used together and to 
determine how they must be combined. Techniques must also not be combined in such a 
way that they overlap too much, otherwise work will be repeated, and the system will 
perform more slowly (Sonar 2009). Developers of HIS are also experiencing issues with 
regard to the integration of the different intelligent techniques. The issues faced are 
enabling the different techniques to function as one across different platforms, as it is 
tedious to develop the HIS techniques from scratch every time, as reusability of HIS 
techniques has benefits over redevelopment (Sonar 2009).  
3.5 Knowledge-based Systems 
Knowledge-based systems (commonly known as expert systems) are systems that exhibit 
intelligent behaviour within a given problem domain after capturing expert knowledge of 
this domain (Leondes 2000). The term knowledge-based systems encapsulate all systems 
that exhibit intelligent behaviour using a knowledge base.  The knowledge referred to is 
generated firstly from data, which are facts that do not have any meaning to the user 
(Leondes 2000). Information is then formed from the data after processing the data and 
finally, knowledge is generated from the processed information, after filtering (removing 
irrelevant data) and analysis of the information has taken place. The information is mainly 
about the industry and the industry’s environment and information about real-world 
entities and the relationships between them (Leondes 2000; Sajja and Akerkar 2010). A 
knowledge-based system has the ability to understand and interpret the information which 
it is processing and therefore, decisions can be made (Sajja and Akerkar 2010).  
The information which the system encapsulates is normally captured from a human being’s 
perspective and programmed into the system to exhibit intelligent human-like behaviour 
(Sajja and Akerkar 2010). The information, which the knowledge system contains, is 
normally managed by the knowledge-based management system (KBMS), which uses 
intelligent and database management techniques to manage knowledge.  
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The knowledge management ranges from storing and retrieving the data to data handling. 
The fact that the knowledge is managed by the KBMS allows sharing and reusability of 
knowledge and allows the system to be easily maintained because the KBMS is a separate 
component. These benefits contribute to the reason why a knowledge-based system 
consists of the KBMS. The rule base has a specific set of rules and a database with a 
collection of information (Sajja and Akerkar 2010). Knowledge is expressed in production 
and deductive rules. The rule base and database form the knowledge-based systems 
knowledge base.  
A knowledge base is different from a database in the sense that a knowledge base is an 
active database which continuously monitors activities affecting the data within it. The 
knowledge base then makes necessary executions when something interesting happens to 
the data. The main component of a knowledge-based system (a knowledge-based systems 
model is shown in Figure 3.4) is its acquisition mechanism, which is the knowledge 
acquisition facility through which the human expert’s knowledge is captured into the 
knowledge base  
The inference mechanism uses production rules or intelligent techniques to manipulate the 
context and filter the knowledge to achieve the systems goals. The knowledge base is the 
component which is filled with the expert’s knowledge and is used by the inference engine 
as an input. The user of the system interacts with the system through an appropriate UI, 
exchanging information with the context component which contains the current problem 
scenario. 
 
Figure 3.4: Schematic view of a Knowledge-based system model (Chau and Albermani 2002) 
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3.5.1 Different Types of Knowledge-based Systems 
Knowledge-based systems have different ways in which their inference engines operate. 
Previous knowledge-based systems used production rules successfully to drive their 
inference engine where this has evolved in the sense that it has moved away from only 
using shell-based production rules, to using techniques such as fuzzy logic, case-based 
reasoning, genetic algorithms, neural networks and ontologies (techniques involving 
categorisation) (Abdullah et al. 2006). Using these techniques has allowed knowledge-
based systems to provide more intelligent decision support as their inference engines now 
have the potential to view previous situations when providing decision support, whereas 
using only production rules previously did not. Production rules are still sufficient for 
many tasks today, where historical information is not applicable. 
Expert systems are also sometimes referred to as knowledge-based systems. Knowledge-
based recommender systems are another well-known type of knowledge-based system, as 
both expert and knowledge-based recommender systems provide customers with intelligent 
decision support by consulting a knowledge base (Burke 2008; Abdullah et al. 2006). An 
expert system is a system that exhibits the behaviour of a human expert, by using human 
expert knowledge in a specific domain to make decisions which solve problems in the real-
world.  
A knowledge-based recommender system is a recommender system that uses customer 
requirements and product feature information to generate product and service 
recommendations. Expert and knowledge-based recommender systems are different, 
because of the way in which they use the expert knowledge they contain. Expert systems 
are known for directly using the human expertise to provide decision support on products 
and services. Knowledge-based recommender systems are known for using human 
expertise to match customer requirements to product features, and then based on the results 
of the matching process decision support is provided.   
3.5.2 Applications of Knowledge-based Systems 
Knowledge-based systems are mostly applied to well-structured domains (Smith 1985). 
There should also be useful problems and recognised experts to solve it. The task which 
the system will automate should take longer than a few hours to complete manually, and 
the domain experts should be readily available and the system should incrementally 
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increase their expertise. The main role of a knowledge-based system remains the same, 
irrespective of the type of knowledge-based system as the system is required to minimise 
the amount of information an end-user  has to filter through when facing a decision 
(Abdullah et al. 2006).  
Knowledge-based systems are extensively used in business by assisting managers in 
managing their knowledge. This allows managers to make more informed and improved 
decisions (Abdullah et al. 2006). Because the telecommunications industry contains a large 
amount of knowledge and information, the use of knowledge-based systems helps 
managers of businesses to come to more informed decisions about which service packages 
to offer to customers (Weiss 2008). 
Knowledge-management systems have assisted companies in managing both tacit and 
explicit knowledge within the organisation to the organisation’s advantage. Tacit 
knowledge is the knowledge held within the mind of the human experts in the company 
and relates to certain problem areas, whereas the explicit knowledge is knowledge that is 
visible to everyone within the company and can be easily communicated and managed, 
such as the price of a product or service (Sajja and Akerkar 2010). The other area in which 
knowledge-based systems have been used successfully is e-commerce, where knowledge-
based systems were used to assist customers in purchase decisions and in recommendations 
of products and services (Abdullah et al. 2006).   
3.5.3 Benefits and Shortcomings of Knowledge-based Systems 
Knowledge-based intelligent systems have a number of advantages which encourage 
businesses to use them. Firstly, being a system that documents knowledge from various 
experts within a business is advantageous, as documenting the knowledge ensures that it 
will never be lost (Sajja and Akerkar 2010). The knowledge of experts will also be more 
widely available for all employees. This will allow employees to receive expertise support 
without delays (Smith 1985). Knowledge-based systems provide their users with intelligent 
decision support at any time. Knowledge-based systems have self-learning, reasoning and 
explanation capabilities, which is normally provided by a human expert (Leondes 2000).  
Knowledge-based systems are also easy to use and to integrate with other technologies, 
implemented in businesses such as websites. Knowledge-based systems are also less 
expensive to develop when compared with other intelligent systems. They can also be used 
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for applications in physical environments, such as communication, planning and 
transportation (Sajja and Akerkar 2010).  
The following are benefits that knowledge-based systems have provided to businesses 
(Abdullah, 2006): 
 Knowledge-based systems allow their users to save time as the amount of time it 
takes to do the information processing manually takes longer than automatically; 
 Knowledge-based systems provide an increase in productivity as more work can be 
done and the results of decision making contain fewer errors; 
 The knowledge within the business is always available and can be updated easily 
and sometimes is updated automatically by the system learning; 
 The knowledge-based system provides consistent performance throughout its 
lifespan; 
 The expert’s knowledge can be replicated and can be available to more people at 
the same time irrespective of their location; 
 The expert’s practical knowledge is made applicable and improves the accuracy 
and quality of decisions in problem solving.  
Knowledge-based systems create a number of concerns and have limitations which have 
been identified. The main concern developers face is the fact that the knowledge the 
system requires is abstract and transparent in nature, as the knowledge is all in the expert’s 
mind (Sajja and Akerkar 2010). Another concern which ties in with the previous one is that 
the expert’s knowledge is mostly tacit and based on experience and cannot be transferred 
easily.  
A limitation in knowledge-based system development is that there is limited knowledge 
about cognitive sciences and how to capture human thoughts and some of the expert 
knowledge can be lost in transferring it into the system (Howe 1991). The knowledge-
based system may be used by experts and novice customers, but the functionality which 
the system portrays for the expert might be only to reduce information overload, by 
reducing the time to do a task (Abdullah et al. 2006).  
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3.6 Intelligent System Comparison  
This section consolidates the findings of this chapter thus far, by presenting the outcomes 
of an analysis on the benefits, concerns and applications of the intelligent systems 
discussed in Sections 3.3, 3.4 and 3.5. The goal of the analysis was to compare the 
Intelligent Systems and identify the one that is most suitable for supporting the self-service 
provisioning process in the telecommunications industry. This comparison is based on the 
second level of the hierarchy presented in Figure 3.2. 
A reflection on the problem identified in Chapter 1 (Section 1.3) and the objective of the 
research, has guided the critical analysis of the intelligent systems. Based on the analysis of 
the three intelligent systems, the knowledge-based system was found to be the most 
suitable solution for SMME self-service provisioning. The benefits, shortcomings and 
application areas of a knowledge-based system are presented in Table 3.2 below: 
Table 3.2: Benefits, concerns and applications of knowledge-based systems 
Knowledge-based systems  
Benefits Concerns Applications 
 Documents business 
knowledge 
 Provides expert support to 
customers when needed, 
without delays 
 Is easy to use and 
integrates easily with 
existing technologies such 
as Websites 
 Not expensive to develop 
 Saves time 
 Increases productivity and 
is consistent 
 The knowledge the system 
requires to operate is 
abstract, in the minds of 
experts and difficult to obtain 
There is limited knowledge 
on how to capture human 
thoughts  
 Business employees can 
misunderstand the purpose of 
the knowledge-based 
systems, and can prevent 
them from using it 
 
 Knowledge-based 
systems were used to 
assist, humans in 
everyday tasks; 
 Managers in 
managing their 
knowledge; 
 In e-commerce by 
recommending 
products and services 
 
The knowledge-based intelligent system was identified as the most suitable, due to the fact 
that intelligent agents, are task specific intelligent systems and are mostly used to assist a 
customer through a process, after requirements for the rest of the process were identified 
(Section 3.3). Intelligent agents have not been used to identify customer requirements as 
yet (Table 3.1). This is due to the fact of intelligent agents not having a suitable interface 
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available for users to input their requirements. Intelligent agents are usually used to help 
novice customers to understand new software.  
HIS were also not identified as suitable, as they are mostly used to solve complex problems 
and enhance performance of a single intelligent system (Section 3.4). This research 
requires a system that is able to interpret a customer’s needs and is based on knowledge of 
the problem domain, applies  rules to it and filters information  to provide 
recommendations for solutions that will satisfy the customer’s need. The task at hand is 
less complicated than the complex tasks intelligent agents and HIS have solved. Therefore, 
a knowledge-based system is well suited to solve this research problem as it also has the 
advantages of being easy to implement and less expensive to integrate with existing 
technology, such as websites (Table 3.2) (Leondes 2000). A knowledge-based system also 
provides intelligent decision support and stores a human expert’s knowledge in a 
knowledge base which is used to solve problems. A knowledge-based system may also 
address the information overload problem which customers currently face on the current 
web-sites of TSPs (Abdullah et al. 2006). 
The rest of this chapter will discuss the two most common knowledge-based systems 
(expert and recommender systems) (third level in the hierarchy of Figure 3.2) that can 
potentially be used to solve this research problem. Knowledge-based systems such as 
expert and recommender systems are commonly used on websites to assist customers with 
purchasing and decision-making (Chung, Sundaram and Srinivasan 2007; Ricci and 
Mahmood 2007). The benefits and shortcomings of these systems will be discussed, as 
well as typical applications. The intelligent systems will then be compared, based on the 
requirements of this research. The most suitable knowledge-based system will be used to 
solve this research problem.  
3.6.1 Expert Systems 
An expert system replicates the behaviour of a human expert in a specific industry (Howe 
1991). The goal of expert systems is to have expert advice ready for decision makers when 
they require it. Expert systems are a resource for people who do not have access to a 
human expert for support. An expert system draws conclusions from information and uses 
this insight to assist its users. The users of expert systems are not always novices requiring 
assistance, but also experts. The major components forming an expert system are similar to 
the major components of a knowledge-based system as an expert system is a knowledge-
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based system. The major components are the knowledge base, inference engine and UI, as 
presented in Figure 3.4 (Howe 1991). The only difference is that for the expert system, the 
UI is a major component. This is because the UI represents the human expert. While the 
system is being used, all the human expertise knowledge is already encapsulated within the 
systems knowledge-base. The user now communicates with the system through the UI 
(Howe 1991).  When it is decided to use an expert system, it must be understood that there 
are different types of expert systems (Howe 1991): 
 Rule-based expert systems are systems which represents knowledge by a series of 
rules; 
 Frame-based expert systems is where the knowledge is represented as a series of 
frames, such as an object-oriented approach; 
 Hybrid expert systems, which involve an expert system that uses several 
approaches, such as fuzzy logic and neural networks; 
 Model-based systems, which are expert system structures based on a model and 
which simulate the functionality of an expert system ; 
 Ready-made expert systems, which are pre-packaged software that can be 
purchased. 
The reasoning of the expert is represented in expert systems as rules. These rules are made 
up of knowledge about methods and the problem domain. There are many sources than that 
can be addressed to obtain knowledge, namely: textbooks, research papers, interviews, 
surveys, and protocol analysis. Rule-based expert systems are used to solve real-world 
problems that usually require human expert knowledge and intelligence (Abraham 2005). 
The expert knowledge is represented as data and rules within the system. The data and 
rules can be revisited when the system operates to solve the problem at hand. A rule is 
defined as statement that links a condition to an action (Abraham 2005). Rule-based expert 
systems have been used for goal setting applications in business, planning, design, 
scheduling, fault monitoring and problem solving (Abraham 2005).  The inference engine 
of a rule-based system consists of IF-THEN rules, facts and an interpreter which controls 
the way in which the rules are applied.   
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3.6.1.1 Benefits and Shortcomings of Expert Systems 
Expert systems, in general, have a number of benefits and limitations. The benefits are 
mostly the same as the benefits of a knowledge-based system, as the goals of both systems 
are to assist a user during a decision making process. To obtain all the expert system 
benefits, the expert systems problem area must be controlled and narrow, the UI must be 
easy to use and assists the user to achieve his/her goal. Expertise must be available from 
one expert and the inference engine must be able to manipulate the knowledge. The 
limitation in expert systems’ development is that it can be difficult to extract the expert 
knowledge from the experts, as the knowledge is not always readily available. This could 
be due to language barriers; leading to a loss of important information during the 
knowledge transfer process. 
3.6.2 Recommender Systems 
Recommender systems are systems used in business to suggest products to customers 
(Schafer et al. 1999). A recommender system learns from a customer, taking into account 
either the customer’s behaviour, profile or both, and recommends products the customer 
will find useful among many different products and services. There are, however, different 
techniques used in recommender systems; namely content based, collaborative filtering, 
knowledge-based, community-based and demographic (Resnick and Varian 1997).  
This research has outlined a knowledge-based recommender system. A knowledge-based 
recommender system recommends products and services based on problem domain 
knowledge and features which products and services have, in order to present solutions 
which meet a customer’s requirements (Section 3.5.1). A knowledge-based recommender 
system performs a function in a domain where the new products are constantly entering the 
market (Burke 2000). Knowledge-based recommender systems do not need a large 
knowledge component, nor historical data of a customer or statistical data to perform 
recommendations. They base recommendations solely on customer requirements and 
product properties (Jannach et al. 2011). Knowledge-based recommender systems help 
users in understanding a particular information space.  
A recommender system on its own is a good tool to overcome the problem of information 
overload, which a customer might experience when facing a decision (Jannach et al. 2011). 
The suggestions made by the system are recommendations informing customers about 
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which products they should buy (Ricci et al. 2011). Recommender systems are normally 
focused on a specific application domain and the recommender system design, 
recommendation technique and UI are developed to support the application domain (Ricci 
et al. 2011).  Recommender systems are aimed at customers who lack experience in the 
application domain and customers who do not want to filter through large amounts of 
information to make a purchase decision.  
Recommender Systems have many tasks which they are required to fulfil when 
implemented by a business. The main task or objective of the recommender system is to 
understand the customer and the customer’s needs, find suitable products and services 
which match these needs and recommend these products and services to the customer 
(Ricci et al. 2011).  
3.6.2.1 Benefits and Shortcomings of Recommender Systems 
Recommender systems have played many roles in business and this has motivated 
businesses to implement recommender systems. The first motivation was that 
recommender systems allowed business to up-sell and cross-sell their products and 
services thus allowing them to sell more products and services (Ricci et al. 2011). 
Recommender systems have allowed the customers of a business to start purchasing 
products which are diverse and products which the customers did not even know they 
needed. Recommender systems have also increased customer satisfaction as the product 
which the system recommends is relevant and interesting to the customer, and so the 
customer is given a fun-shopping experience. A constraint-based knowledge-based 
recommender system is a technique that allows products to be recommended without a 
customer rating data. Constraint-based recommenders rely on information about customer 
requirements, manually provided and detailed knowledge about products features.  
There are many challenges which need to be faced in recommender system development. 
Ricci et al. (2011) present the following challenges: 
 The scalability of the algorithms with large and real-world datasets, where the 
challenge is to determine how to embed the recommendation technique in a large 
database; 
 The challenge of not invading the customer’s privacy by collecting too much 
information about the customer’s profile;  
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 The items the system recommends should not be too diverse, otherwise the 
recommendation will not be useful to the customer, and may cause more confusion. 
 The challenge of ensuring that the user models used in the system are genuine. 
Customers must provide legitimate profile information, especially for demographic 
recommender systems, so that recommendations can be reliable.  
3.7 Comparison of Knowledge-based Systems  
This section compares the knowledge-based recommender system with the expert system 
based on the requirements from Chapter 2 (tabulated in Tables 2.3, 2.4, 2.5 and 2.6).  This 
comparison is done at the last level of the hierarchy presented in Figure 3.2. A knowledge-
based recommender was identified as the most suitable for this research. The suitability of 
the knowledge-based recommender system will be highlighted in the discussions that 
follow. 
After analysing the two different types of knowledge-based systems based on the 
requirements, it was identified that this research should focus on using a knowledge-based 
recommender system with a constraint-based technique. This decision is based on the fact 
that the component of the service provisioning process on which this research is focused 
has a human expert identifying customer requirements and presenting a solution based on 
the requirements identified within the problem domain and the features of products and 
services. The human expert, in this case the SA, has no previous knowledge of the 
customer or product ratings, but only the customer's requirements. In the 
telecommunications industry where products and services are constantly updated, makes 
customer ratings for a product of years back irrelevant. This supports the use of a 
knowledge-based recommender system, as it does not rely on historical data. Other 
recommender system types highlighted in this chapter (Section 3.5.1) rely on historical 
data, making them unsuitable for this research.  
The comparison based on the functional requirements presented in Table 2.3, suggested 
that expert systems does not support all the functional requirements. Expert systems’ rules 
cannot be updated as easily as the rules of recommender systems. Expert systems are also 
not used for up-selling in business, where it does not recommend product and services to 
further support customer needs. Knowledge-based recommender systems, on the other 
hand, are known for these tasks (Section 3.5).  
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Based on the performance requirements presented in Table 2.4, it was identified that both 
knowledge-based systems could be utilised to provide a solution efficiently, with useful 
decision support. This can be completed by both systems without having conflicting rules 
in their database. A knowledge-based recommender systems, however, provides more 
consistent performance.  
Both the user requirements identified from the interview with the South African TSP, 
presented in Table 2.5 were met by the knowledge-based systems. Both the knowledge-
based systems had the potential to allow effective self-service provisioning to be 
completed for a SMME. 
The design requirements presented Table 2.6, were met by both of the knowledge-based 
systems. Knowledge-based recommender systems portray a higher level quality of service 
provisioning, as the information presented is more up-to-date than that which the expert 
system presents. The knowledge-based recommender system also provides the customer 
support, because of its design allowing the customer to understand the information about 
products and services.  
Based on the comparison it can be deduced that the chosen knowledge-based system is 
well supported. Other motivations for using a knowledge-based recommender system, 
apart from the comparison against the requirements are listed below: 
 Knowledge-based recommender systems work well for problem areas that are 
narrow and specific; 
 Knowledge-based recommender systems only require a knowledge base filled with 
expert knowledge of a problem domain. It uses this knowledge and features of 
products and services to provide a solution to a customer’s needs; 
 Knowledge-based recommender systems provide customers with more information 
about products and services, decreasing the time customers have to search for 
products, which meets their needs.  
The use of a constraint-based, knowledge-based recommender system provides additional 
requirements for the individual components of the knowledge-based systems model.  These 
requirements will be highlighted and addressed as part of the component design of the 
prototype. This concludes the search process that was conducted for a suitable intelligent 
system. 
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3.8 Conclusion 
Intelligent systems are well suited to support web-based self-service telecommunication 
service provisioning, as they have the potential to assist customers with purchase decisions. 
Intelligent systems provide several other benefits to businesses. These range from 
improvements in productivity to a competitive advantage.  
Suitable intelligent systems were identified through a search process (review presented in 
Figure 3.2) of comparing the most common intelligent systems based on how their 
benefits, shortcomings and applications support self-service provisioning of 
telecommunication services. The intelligent systems which were analysed were intelligent 
agents, HIS and knowledge-based systems. A knowledge-based system was identified as 
the most suitable intelligent system, as it identifies a customer’s need, applies rules from a 
knowledge base and filters through large volumes of information to provide a service 
recommendation to a customer.  
A knowledge-based system is also easier and less expensive to implement, when compared 
to the other intelligent systems. Different types of knowledge-based intelligent systems 
were identified, namely expert and recommender systems. A knowledge-based 
recommender system that uses a constraint-based technique was identified as suitable for 
this research problem. This was because it recommended products and services based on 
product features and customer requirements. The other recommender system types were 
not feasible, as they required historical information such as product ratings and customer 
purchase history before producing recommendations. These information requirements are 
not feasible for the telecommunication industry, as products and services constantly change 
and SMMEs rarely purchase products and services from a TSP more than once.  
This chapter addressed part of third phase of DSR. The phase was addressed by using an 
extensive literature review to identify a design for the solution. With identifying a design 
new objectives for the intelligent solution were added, as a specific knowledge-based 
system model will be customised.  
The next chapter will further address the third phase of DSR, by presenting the design and 
development of the solution. The fourth phase of the DSR process model will also be 
addressed, by completing an expert review of the solution. The expert review will 
demonstrate whether the solution is usable. 
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 Chapter 4: Design and Implementation 
4.1 Introduction 
Chapter 3 identified a suitable intelligent system and proposed a knowledge-based system 
model which can be customised to address the service provisioning problem identified in 
Chapter 2. The model identified is a constraint-based knowledge recommender system 
model and the customisation and implementation of this model completes the third phase 
of DSR methodology. The primary objective of this chapter is to discuss the design and 
development of the self-provisioning system (by customising the models components), to 
be named SelPro. SelPro is an intelligent web-based self-service provisioning system for 
SMMEs wanting to buy telecommunication services. Hevner et al. (2004) suggested that 
the artefact being developed should be viable. The concepts of this chapter were also 
presented at the Southern African Telecommunication Networks and Applications 
Conference in 2012 (Barlow, Wesson and Cowley 2012). This chapter addresses the fourth 
research question identified in Chapter 1, namely; “How can the selected intelligent system 
be designed and implemented to effectively and efficiently support customers in self-service 
provisioning?”  
The design section of this chapter will be discussed based on the model of the knowledge-
based system, where each component will be discussed individually. The functions 
supported by SelPro as well as the most appropriate technique used to develop each 
component in support of self-service provisioning in the telecommunications industry, will 
be highlighted during the discussion of the design. A discussion of SelPro’s 
implementation follows the discussion of the design. The implementation section will be 
discussed in terms of the model components and the tools which were used to implement 
them. An expert review of the initial prototype will also be discussed, as this forms part of 
demonstration phase of DSR. Design changes will be made to the prototype based on the 
expert review results, thus supporting the iterative design process being followed. The 
deliverable of this design and development phase is the SelPro prototype. 
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4.2 Design  
The design of SelPro plays an important role as the design forms the basis of all the 
requirements SelPro should meet. The prototype needs to be able to support the 
requirements which were presented as the outcomes of Chapters 2 and 3. Meeting these 
requirements should ensure an effective intelligent web-based self-service provisioning 
system. This section describes how each of the components in the existing model of the 
knowledge-based system should be designed to support telecommunication service 
provisioning (Research Question 4a). The techniques used for each of the components are 
also discussed and motivated. 
4.2.1 Knowledge-based System Model 
The outcome of Chapter 3 proposed that a constraint-based knowledge-based 
recommender system should be designed to support SMMEs in self-service provisioning of 
their telecommunication services. The constraint-based knowledge-based recommender 
system was identified as suitable as it is a conversational recommender, which can support 
the type of interaction conducted between a TSP sales representative and a customer. 
The standard knowledge-based system model, shown in Chapter 3 (Section 3.5) was 
identified as a suitable model for SelPro’s design. The knowledge-based system model was 
previously presented in Chapter 3 and this model is re-presented in Figure 4.1 for quick 
reference purposes. 
 
Figure 4.1: Knowledge-based system components (Chau and Albermani 2002) 
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Chapter 3 also provided a brief discussion about the functionality and role of each of the 
components shown in Figure 4.1. SelPro is required to have all the components shown in 
Figure 4.1 for the constraint-based knowledge-based recommender system to function 
correctly. The numbers shown in blue above each component’s label in Figure 4.1 
highlight the order in which the different components of SelPro were designed. The 
components were designed in this way as a data driven approach was used for the design of 
SelPro, as the expert knowledge which the system should contain was important. The 
figure also presents the different actors who will interact with SelPro (the user and the 
expert) and the components through which the actors will interact.  
The reason why SelPro requires all the components is because the expert’s knowledge will 
be captured to a central location by using knowledge acquisition techniques. The central 
location for data storage is known as the knowledge base component. The current problem 
scenario will be presented as a constraint satisfaction problem (CSP) in the context 
component, as SelPro is a constraint-based knowledge-based recommender system. This 
problem will be solved by using the data in the knowledge base component and the 
functionality of the inference engine and explanation facility components. The end-users 
will interact with SelPro through the UI component that will assist end-users to complete 
their tasks. 
4.2.2 Knowledge Acquisition 
SelPro requires data which supports the entire service provisioning process to achieve its 
objective of being an effective self-service provisioning system. SelPro is required to ask a 
customer a set of questions in order to identify the customer’s needs and the attributes of 
the customer’s business. Customer and a SMME’s business attributes are required to 
identify the information affecting the services provisioned to the customer, as well as the 
way in which the services has to be configured for the customer. This information helps to 
identify a solution for the customer’s problem. The system must then identify a solution 
package (service/s) based on a set of business rules applicable to the customer’s 
information received. This solution package consisting of products and services which 
satisfy the customer’s needs, must then be displayed to the customer. The customer should 
then be able to purchase the solution package.  
The data required by SelPro was captured into SelPro’s knowledge base through a process 
called knowledge acquisition. Knowledge acquisition involves identifying data sources, 
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extracting information and organising and storing the information received from a source 
into a system such as a knowledge-based system (Jones 1989; Brewster, Ciravegna and 
Wilks 2001). The knowledge acquisition component is highlighted in Figure 4.1 as item 
number 1. 
The data sources had to be reliable, suitable and up-to-date. The data sources were then 
evaluated based on their reliability, suitability and age. The data sources that were 
identified are: 
 Telecommunication domain experts; 
 Pre-sales questionnaires used by some TSPs for service provisioning 
(MatrixCommunication 2007); 
  Capacity planning documents used by sales representatives to calculate the 
required capacity for an email, Internet and storage service based on the business 
needs (Batista 2008);  
 Existing TSPs websites (Telkom 2012b; Alcatel-Lucent 2012). 
 
The data sources identified were used to provide different types of information, which will 
be presented in the discussions that follow. 
The nine domain experts were evaluated according to their expertise in the 
telecommunication services field and in their knowledge of provisioning 
telecommunication services to SMMEs. The domain experts were Solution Architects from 
Company A (the six experts, which was used for requirements gathering) and Service 
Provider Managers to Senior System Engineers (three experts) from the Information 
Communications Technology (ICT) Department at Nelson Mandela Metropolitan 
University (NMMU). The job description of the Solution Architects used for the interview 
was mainly provisioning telecommunication services to SMMEs.  
After the knowledge sources were identified, suitable knowledge acquisition techniques 
were used to extract and capture the public and private knowledge from the sources into 
SelPro (Akerkar and Sajja 2010). Table 4.1 below highlights the data that was required as 
well as the sources identified and knowledge acquisition techniques that were used to 
extract and capture the data. 
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Table 4.1: Knowledge acquisition process summary 
Data required Source Technique used 
Customer and a SMME’s business 
attributes required during the service 
provisioning process. 
 Pre-sales 
questionnaires  
 TSP websites 
 Existing examples 
review  
Questions that a SA would ask the 
customer to determine email service, 
domain service, Internet service and 
hosting service needed. 
 Pre-sales 
questionnaires 
 Solution architects 
 Existing examples 
review  
 Semi-structured 
interviews 
Interventions that a SA would use to 
determine which email, domain, Internet 
and hosting solution to recommend to the 
customer. 
 Solution architects 
 Capacity planning 
documents 
 Existing examples 
review  
 Semi-structured 
interviews 
Solution packages (email, domain, Internet 
and hosting service bundles) mostly used 
and recommended to SMMEs 
 TSP websites 
 Solution architects 
 newspaper articles 
 Existing examples 
review 
 Semi-structured 
interviews 
Copy of a job sheet created for the IE  Job sheet examples 
from a TSP 
 Existing examples 
review  
 
Data about telecommunication services in support of SMME business operations were 
required to determine if SelPro supported SMMEs in self-service provisioning of 
telecommunication services. The four services which SelPro supports were identified in 
Chapter 2 namely; email, domain name, Internet access and hosting services. The 
customers should be able to purchase the telecommunication services in support of SMME 
business operations by using SelPro.  
Reviewing pre-sales questionnaires and order forms on websites of existing TSPs provided 
the information attributes required of a customer and the SMME’s business infrastructure. 
The pre-sales questionnaires and review of existing websites also provided insight into 
questions with which customers should be presented with during the service provisioning 
process on SelPro. The questions presented to the customer will allow the customer to 
present his/her telecommunication need in an easily understandable format. The technique 
which was used, assist in acquiring knowledge by reviewing existing examples from 
literature (Akerkar and Sajja 2010). The review of existing examples from literature is a 
knowledge acquisition process where a review and analysis of existing information from 
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websites, company documents, media and other sources is captured into the knowledge 
base of the new prototype. This information is important as it provides more insight into 
the problem domain, and clarifies business rules and terminology (Rhem 2001). 
The domain experts’ tacit knowledge was used in addition to the literature reviews to 
obtain more insight into the questions that a SMME representative is asked during the 
service provisioning process. The domain expert’s tacit knowledge was used to identify the 
logic the expert uses when provisioning a SMME with a service package solution. The 
logic that the SA uses to identify a customer’s need and provision a service is required in 
order to write the business logic rules which SelPro should contain. The business logic 
rules are required to identify the customer’s needs and to determine the appropriate 
solution package that will satisfy the customer’s needs. The business logic rules were 
based on decisions that a telecommunication sales representative would make when 
provisioning telecommunication services to a SMME. The information the experts 
provided also helped to identify possible replies that customers should provide to the 
presented questions. 
The knowledge was acquired from the experts by following a knowledge acquisition 
process (Smith 1985), as highlighted in Figure 4.2. 
 
Figure 4.2: Knowledge acquisition process (Smith 1985) 
 
The domain experts are represented as the first block in Figure 4.2. All the domain experts 
had more than five years’ experience with provisioning the four telecommunication 
services supported by SelPro. Their job descriptions and knowledge of the ICT staff 
members were deemed similar to a sales representative/solutions architects working for a 
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TSP, as they do provision telecommunication services to students, staff and departments at 
NMMU. One of the experts from the ICT department at NMMU also had experience in 
provisioning telecommunication services to SMMEs and LEs as the expert had worked for 
a TSP for many years. 
The private tacit knowledge of the experts was acquired by the knowledge engineer by 
using a semi-structured interview process (Turban, Aronson and Liang 2005). The 
Knowledge Engineer formed a set of standard interview questions around the topic of 
service provisioning of telecommunication services, namely email, domain name, Internet 
access and storage to SMME customers. A copy of the questions asked during the semi-
structured interview can be found in Appendix B. The experts were interviewed at their 
respective offices, where the information they provided was used to generate logical 
business rules. The experts were asked the pre-defined set of open-ended questions and 
allowed to elaborate while responding. The Knowledge Engineer sketched different service 
provisioning scenarios, which helped him to understand the expert’s reasoning to a greater 
extent (Jones 1989). All the experts were asked the same questions and each one was 
interrogated until a considerable amount of valuable information was received. Having 
multiple experts was advantageous as the problem domain was quite complex and 
alternative ways of representing knowledge were obtained from the experts 
(Sornlertlamvanich 2003). Based on the responses received from the experts, the 
knowledge engineer formed business logic rules. The business logic rules were restated to 
the experts to ensure that the rule created was valid and to address the limitation of losing 
valuable information (Section 3.5.3). The experts were interrogated until the deciding 
factor of their decision was highlighted; this approach was suggested by Bednar (1999). 
The decisions the experts made were also captured as business rules that had to be 
implemented by the inference engine. 
The product and service package information was identified and extracted from existing 
TSP websites by reviewing existing examples from literature. The product and service 
information were formed into the solution packages offered by SelPro. Similar packages 
are normally presented as solutions to SMMEs by current TSPs.  
The data which Selpro required had to be captured and stored in a usable format. The 
process which the data went through until being applied as business logic rules which 
supports a SMME in self-service provisioning will be discussed in the next section. 
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4.2.3 Knowledge Base 
The data that was identified and extracted was organised and stored in a usable format. The 
organisation process which the data underwent consisted of extracting and disregarding 
unusable data and identifying the most important data for the required functionality. The 
most important data was then stored and represented in an easy-to-use format in the 
knowledge base component of SelPro.  
The most important data attributes required at registration of a customer and business 
identified from the data sources (Table 4.1) are highlighted in Table 4.2. 
Table 4.2: Customer and Business Information required 
 Attributes required 
Customer 
attributes 
 Customer unique identification number 
 Customer’s Name 
 Customer’s Surname 
 Contact details 
 Email address 
Business 
attributes 
 Business unique identification number 
 Business Name 
 Number of employees 
 Business domain (type) 
 Are in-house IT skills present 
 Number of branches 
 Telecommunication service already installed 
 
The customer attributes must identify each customer uniquely. The business infrastructure 
attributes are required as the values for each of these attributes creates constraints which 
impact the service package/s recommended to the business as well as configuration settings 
for the service/s. 
The tacit knowledge about what service(s) customers should receive and how solution 
architects go about provisioning the service(s) was captured from the domain experts. The 
knowledge received had to be organised and represented in a usable format for SelPro. 
Representing tacit knowledge in a suitable format improves the way in which the inference 
engine uses the data. The speed and ease with which the knowledge is used by the 
inference engine is greatly affected by the representation of the knowledge (De Kock 
2004). The tacit knowledge received was identified as declarative and procedural 
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knowledge that had to be presented either as logic, production rules, semantic networks or 
frames (Chakraborty 2010; Akerkar and Sajja 2010; De Kock 2004). Declarative 
knowledge is a knowledge category that represents a surface level of knowledge which 
deals with the description of a specific situation (Turban et al. 2005). Declarative 
knowledge also represents known facts and relationships about the problem and is also 
known as explicit knowledge (Chakraborty 2010). Procedural knowledge is known as tacit 
knowledge that presents how something should be done to obtain a certain goal. Procedural 
knowledge includes rules and procedures to solve a problem if required facts are known 
(Turban et al. 2005). 
One of the most popular approaches to representing knowledge is the use of production 
rules (Drakos 1994; Turban et al. 2005). The reason for the popularity of production rules 
is that almost any type of knowledge can be presented as a rule (De Kock 2004). 
Production rules is known as a powerful representation approach that represents the 
knowledge as conditional statements. The statements are more commonly known as IF-
THEN rules (Chakraborty 2010; Turban et al. 2005). Below are examples of a few 
conditional statements that were generated from the experts’ declarative knowledge: 
 IF the business is a “Law” business THEN the Server which the business requires 
will be hosted at the business site; 
 IF the business is a “Law” business THEN the Server will be dedicated to that 
specific business; 
 IF the business has no in-house IT skills THEN we will provide an engineer to 
configure and install the service; 
 IF the business has a certain number of employees THEN this number must be 
used to provide an estimate of the number of email accounts which must be 
configured for the business. 
 
For this prototype, representing knowledge as production rules was sufficient as production 
rules provide the flexibility of combining declarative and procedural knowledge 
(Chakraborty 2010). The procedural knowledge forms part of the inference engine and 
these rules are known as inference rules. Below are examples of a few conditional 
statements that were generated from the experts’ procedural knowledge: 
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 IF the data needed from the customer is not provided by the customer THEN 
request it; 
 IF the customer requests an email address THEN the customer should be advised to 
buy a domain name service to have a domain for the email address; 
 IF the customer requires an uncapped Internet service THEN the customer must be 
advised that he will not pay less than a certain amount; 
 IF all the business infrastructure data is captured THEN the customer can purchase 
a service or services. 
 
Using production rules to present the knowledge has also provided several advantages 
(Turban et al. 2005): 
 Being easy to understand and knowledge is visible; 
 Expressing heuristic knowledge; 
 Allowing modification and maintenance to be easily done; 
 Having uncertainty easily incorporated into rules;  
 Each rule is independent. 
The prototype has to present a representation of realistic service packages that a SMME 
would be provisioned. This service information of the four services (email, domain, 
Internet and hosting) provisioned by SelPro was organised and stored in the knowledge 
base. All the important functional and non-functional service attributes for the different 
services were identified from existing service packages. These attributes were then 
standardised by the ICT experts who were interviewed. The most important attributes for 
the different services are presented in Figure 4.3.  
 
Figure 4.3: The different service attributes that will be stored by SelPro  
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The values for each of these service attributes were then obtained by reviewing existing 
service packages provisioned by TSPs and these values were used to form service 
packages that will provisioned in this prototype (Telkom 2012c; Telkom 2012a; Alcatel-
Lucent 2012). 
4.2.4 User Interface Design  
After having all the data stored and represented in a usable format, the UI now had to be 
designed to support the requirements, capture required information and display the relevant 
information in a suitable format. A user task list was drawn up according to the 
requirements which were presented in Chapter 2. The user tasks should be supported by 
SelPro to present a clear representation of the service provisioning process for a SMME: 
 
User Task List: 
1. Define a need 
a. Allow the customer to enter the customer and business infrastructure 
information required by SelPro during the registration process of the 
customer. 
b. Allow the customer to select one of the four telecommunication services. 
c. Allow the customer to enter requirements and configuration settings for the 
selected service in a conversational format understood by the customer. 
d. The customers must also be allowed to go back and change initial 
requirements. 
2. View a recommended solution service package 
a. Allow the customer to view a recommended solution package after defining 
a need. 
b. The customer must be able to view all products and services included in the 
service package. 
c. The functional (e.g. speed of the router) and the non-functional (e.g. price) 
properties of the service packages must be displayed clearly. 
d. Information about what the service can do for the business must also be 
visible to the customer. 
3. Purchase the recommended service package/s 
a. The customer must be able to add the recommended service package to 
his/her basket. 
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b. The customer must be able to view products in the basket and amend the 
basket (e.g. remove unwanted services and go back to add more services). 
c. The system must assist the customer in presenting other possible service 
requirements that the customer might have as the services are not fully 
independent of one another (e.g. email service is dependent on the Internet 
service as the customer requires an Internet connection for the Email service 
to be fully functional). 
d. The customer must then be able to check out the services in his/her basket 
and be provided with a step for entering payment and shipping details. 
4. Confirm the services in the basket  
a. The customer must be provided with the functionality to go back to amend 
services in the basket. 
b. If the customer is happy with the services, the customer must be allowed to 
purchase the services and a confirmation must be provided to the customer. 
c. The customer must then be provided with the functionality to print, 
download or email the order form to them.  
SelPro being a knowledge-based recommender system had to have an interactive  UI 
design that supports a conversation ( Burke 2000). The users of the system have to be 
asked their requirements explicitly and interactively on a form (e.g. web form) specific to 
the situation (Felfernig et al. 2006). After receiving enough information and preferences 
from the customer, the customer must be presented with items that match the customer’s 
preferences. The customer must also be allowed to revise preferences and requirements 
that were inserted originally. The expert knowledge should also be encoded in the UI flow 
to form a logical flow on the interface. A low-fidelity prototype was created to stimulate 
ideas of how SelPro should support the requirements identified. Figure 4.4 presents the 
low-fidelity prototype which will aid the design of SelPro.  
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Figure 4.4: Low-Fidelity Prototype of SelPro 
Literature sources and current designs of telecommunication websites were reviewed to 
identify standards and guidelines for an online telecommunication systems UI (Telkom 
2012a; Doan and Berryman 2007); Alcatel-Lucent 2012; Telkom 2012a). The guidelines 
identified, ranged from the terms that should be used on the system, icons that should be 
used, navigation principles that should be followed, how the check-out process should be 
completed and when to use what input fields (Holst 2011). Guidelines for the interface 
flow stated that a wizard style UI should be implemented for tedious, complicated tasks 
which novice users will be required to complete (Tidwell 2011). A few wizard designs 
were analysed, together with the one that was identified in Chapter 2 (Figure 2.7), 
currently being used by a well-known TSP. Images of different wizard designs can be 
viewed in the paper by Tidwell (2011). These guidelines will be implemented into the 
implementation of the prototypes design. 
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4.2.5 Inference Engine 
After the data was presented in a usable format and the UI was designed to capture the 
required data, the inference engine had to be designed to use the captured information and 
data in the knowledge base to solve a problem. The inference engine is basically an 
algorithm that uses the rules defined to control the reasoning process or searches through 
the knowledge base when solving a problem (Turban et al. 2005). The inference engine 
uses different forms of pattern matching and searches to solve problems (Akerkar and Sajja 
2010). The inference engine decides which procedural and declarative knowledge rules to 
use and which to discard for a particular problem. The problem the inference engine is 
required to solve is represented (modelled) as a CSP (Felfernig and Burke 2008; Zanker, 
Jessenitschnig and Schmid 2010).  
The CSP of this prototype can be represented in a tuple with variables, finite domains for 
the variables and constraints that describe the combinations of values that can be stored by 
the variables simultaneously (Tsang 1993). A solution to a CSP is the assignment of values 
to each variable so that all constraints are satisfied (Jannach et al. 2011). Table 4.3 presents 
the variables (V= VC (customer) ∪ VPROD (product)), which describe the customer 
properties, product features and constraints that define which products should be 
recommended, as these are the customer requirements (C = CR (customer constraints) ∪ 
CF (filter conditions) ∪ CPROD (product constraints)) (Jannach et al. 2011). 
The inference engine can be designed to solve the CSP (V=VC ∪ VPROD, D, C = CR ∪ CF 
∪ CPROD U REQ) by using one of two techniques namely, constraint solver or conjunctive 
queries (Jannach 2006). REQ refers to the encoding of the customer requirements by using 
the rules identified. This forms part of the recommendation task, which is using a 
technique to find valid solution packages for the constraints (Jannach et al. 2011).  
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Table 4.3: Variables of a CSP in the context of this research 
Symbol Expressions and Interpretations generated 
VPROD { price (0...1000), num_of_accounts (0...unlimited), 
hosting_location (internal, external), storage_cap 
(1GB,3GB,10GB) } 
VC { max_price (0,200,500 
num_accounts_needed (50,200,500),  
business_type (law,bank,manfact,IT),  
media_transfd (images,video,sound) } 
CR { max_price=200, business_type=bank, media_transfd=images } 
CF { business_type =IT >>hosting_location=external, 
media_transf=images>>storage_cap=1GB } e.g.business_type is 
customer property selected from questions asked in Figure 4.6 B 
and this is mapped to product property hosting_location 
CPROD The Internet service packages. An example of two packages is 
represented below.  
Id price (R) n_o_a h_l storage_cap 
P1 200 50 internal 1GB 
P2 500 200 external 3GB 
 
 
Constraint solvers are complex software systems that are designed to be in alignment with 
an implementer’s philosophy (Kotthoff 2009). Three constraint solvers were identified in 
this research, namely, Choco Solver, Geocode and Minion. These constraint solvers are 
designed to solve specific problems and are tedious to customise, as some solves are built 
for a particular language (e.g. German and Spanish). Expertise and specialist knowledge of 
each solver was required to identify one specific for a task. Constraint solvers have 
different ways of modelling problems and none of these constraint solvers matched the 
way in which the problem was modelled for this prototype. Constraint solvers are also 
known as systems that use techniques to solve fairly complex and large problems (Jannach 
et al. 2011). Together with all the reasons identified above, there was no specialist 
knowledge of the constraint solvers available and hence using the constraint solver 
technique was disregarded for the inference engine of this prototype. 
Conjunctive queries were then analysed and it was identified as a suitable technique to 
solve the CSP. Conjunctive queries use a different approach to solving the CSP as they 
view the problem as a data filtering task (Jannach et al. 2011). Conjunctive queries are 
known as powerful database queries that are executed against a product or service 
catalogue, based on defined rules and processes (Jannach et al. 2011; Kolaitis and Vardi 
1998). It is also a fundamental approach used in database query optimisation (Kolaitis and 
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Vardi 1998). The power which the conjunctively connected database query with selection 
criteria has is equivalent to “Select-Join-Project” queries in relational algebra. The query 
can be defined to select items from a database based on customer requirements (filter 
conditions) and defined rules, implemented by the inference engine (Jannach et al. 2011). 
The way in which the problem was modelled was accepted by the conjunctive query 
technique.  
Customer requirements were identified and represented as filter conditions and experts’ 
knowledge was represented as inference rules. The items (service packages) were stored in 
a database table and also the attributes used by experts when recommending or configuring 
a service package was visible to the query. This model was sufficient as the conjunctive 
query which is a “Select-From-Where” structured query language (SQL) query, joined by 
the “AND” operator could be formulated from customer requirements and rules stored in 
the database. The queries which are formulated could then be executed against the service 
packages to identify a solution satisfying all the constraints (customer requirements).            
4.3 Implementation 
The design of SelPro was outlined in the previous section. The design of SelPro was 
discussed, based on a knowledge-based system model and the service provisioning task for 
SMMEs. This section discusses the implementation of SelPro by highlighting how the 
design of SelPro’s components was implemented in support of the identified user tasks. It 
also highlights the way in which the components of SelPro were implemented as well as 
the tools which were used to implement the components. This section is then concluded by 
a discussion on the extent to which the user tasks are supported.  
4.3.1 Prototype Flow 
The tasks that SelPro had to support were identified in Section 4.2.5 and these ranged from 
identifying requirements to allowing the customer to purchase a solution which satisfied 
the identified requirements. Jannach et al. (2011), also highlighted that users of a 
knowledge-based recommender system must be asked the requirements explicitly and 
interactively in an easy to understand manner. Once the users’ requirements are known, 
they must be presented with solutions that satisfy their requirements. Users then had to be 
supported in their tasks in a conversational manner which mimics the manual service 
provisioning process presented by TSPs to SMMEs.  
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Figure 4.5 highlights the interaction flow and functionality which the implemented 
prototype supports. The way in which the identified tasks were supported is highlighted by 
referring to this figure. The components that were required to interact to create the 
functionality supported are also highlighted as well as the way in which the data in the 
knowledge base was used.  
 
Log in/
Register
What service 
do you 
need?
Email Internet Domain Hosting
Basket 
check-out
Customer and business 
data identification layer
Service need identification 
and solution presentation 
layer
Recommended service/s 
purchased layer
 
Figure 4.5: Interaction flow within SelPro 
  
Figure 4.5 shows that the UI component played a large role in the implementation as it was 
the main intermediary between the user and prototype’s functionality. This component was 
present from the Login/Register functionality up to the end of the Basket check-out 
process. After analysing the interaction flow in Figure 4.5, it was identified that the second 
component, which was required, is the knowledge-based component as the data that was 
stored had to be accessed. The third component, which also plays a major role, specifically 
in the “service need identification and solution presentation layer”, was the inference 
mechanism (inference engine) component as its functionality was identifying a solution, 
based on the customer’s requirements.   
4.3.2 Customer Defined Properties  
The UI component was implemented as a web-based component by using a tool called 
Java Server Faces (JSF) 2.0. This tool was used to develop SelPro as this tool provides 
access to a component suite called PrimeFaces. JSF 2.0 together with PrimeFaces provides 
a framework that can be easily used to develop web-based applications. JSF 2.0 on its own 
is a Java based standard used to develop server-side UIs and web-based applications 
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(Civici 2012; Leonard 2010). The open source component suite PrimeFaces, contains over 
one hundred ready to use components. The components contained within the PrimeFaces 
suite can easily be re-used and accessed through the light-weight library provided.  
The main motivation for using JSF 2.0 together with PrimeFaces, besides the benefits 
highlighted above, was because of the components that the PrimeFaces suite provides. The 
components provided by PrimeFaces matched the requirements of SelPro. PrimeFaces 
provided “Select many” and “select one button” which were suitable selection components 
for customer to select their responses to questions. PrimeFaces also provided a ready-to-
use wizard-style component.  
The look and feel which PrimeFaces provided was also appealing and the look of the 
components, including the text colours used, were fully customisable. Having ready-to-use 
components also decreased the amount of time spent on implementing the look and feel of 
the UI as this was not a major aspect of this research. The main aspect was mimicking and 
supporting the service provisioning process by allowing SMMEs to purchase solutions by 
themselves. Any web-application implementation tool could have been used for the 
implementation of this prototype. This combination, however, was used as it saved time, 
was open-source, had components that looked professional and consistent and had ready-
to-use components, which were required by this prototype. The implementation tool used 
does not ultimately affect the functionality of SelPro as any web-application development 
tools would allow a similar implementation. 
The alignment of the UI components was then implemented by using responsive web 
design. Responsive web design is an approach used to create a good viewing experience to 
users irrespective of the device used to view the web-based application (Johnson 2010). 
This approach was implemented by using the 960 grid system, which is a set of pre-coded 
cascading style sheets (CSS) that can be added to an application (Johnson 2010). The CSS 
has classes that position and size components in a grid layout as required on a screen, 
based on the screen’s dimensions. The 960 grid system also assisted in decreasing the time 
spent on developing the look of the UI, as it is a fast and easy way to create professional 
looking grid layouts. 
Figure 4.6 presents the initial UI design of the “Email Service” screen. This screen is 
reflected by the “Email” block in Figure 4.5. This screen will be presented to the user after 
logging in or registering (see “Login/Register” block in Figure 4.5) on the website and 
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selecting that he/she requires an email service (see “What service do you need?” block in 
Figure 4.5).  
The registration process supports part of the first task of obtaining business information. 
This was the first part in the service provisioning process where the first question the user 
answered after registration was the service which the user required. The user can clearly 
answer this by selecting one of the tabs that clearly represents a service category (presented 
by Section A in Figure 4.6). These service categories reduce the information overload for a 
user. The categories used supports part of the first task by allowing the customer to choose 
from the four services.  
 
Figure 4.6: Email service screen in the initial prototype 
 
Sections A and B in Figure 4.6 are the sections that support part of the first user task. 
Being a conversational recommender, the users are asked questions relating to the service 
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in terms of their business in an easy, understandable, logical structure. This is done by 
stating a question and allowing the user to choose a response.  
The design of SelPro identified all the information required from the customer in order to 
provide a solution. The information obtained were formulated into the questions and 
responses presented in Section B in Figure 4.6. These questions and response options were 
created from expert knowledge, reviewing other TSP websites, capacity planning 
documents and pre-sales questionnaires as highlighted in Section 4.2.2. The questions that 
were created were analysed and purposefully selected in order to obtain all the required 
customer constraints for a specific service. 
The responses to these questions are not the technical representation of the actual 
information needed from the customer as the information required are sometimes too 
technical for a novice customer to understand. This technical information pertains to the 
product properties. The questions then had to be formulated in an easy-to-understandable 
format eliminating all technical aspects, but still having the question related to the products 
technical aspects (obtained subliminally from the customer) in terms of customer 
constraints. 
 The technical questions were then structured into a format understood by the customer.  
This was done to allow all user types to answer the questions asked. For example; for an 
email service, TSPs are required to know, “Does the customer need a server hosted at its 
location or on one of the TSP’s sites?” The answer is achieved by asking the customer a 
simple question, like “What type of business do you have?”. The answer the customer 
provides will be interpreted by the business logical rules and a decision will be made, 
regarding the server’s location. The “business type” of the customer will then reflect where 
“the server will be hosted”.  
This question is represented to the user as Question 1 in Section B in Figure 4.6. The 
layout of the questions and responses of the other services follow the same structure as 
presented in Section B of Figure 4.6. Examples of the questions and responses for the other 
services are presented next. 
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Internet Service Questions: 
 What information will be uploaded/downloaded? 
o Documents, Text and Images 
o Voice and Video 
o All media types 
The response to this question is used to determine what router speed the user will require. 
Having the question stated in technical terms would have been by directly asking the user 
what router speed he/she requires and many users would not be able to answer that. 
 Will you be using the internet from any mobile device? 
o Yes  
o No 
This question determines if the user must be provided with a wireless router or not. Stating 
this question in technical terms would limit the number of users that would be able to 
answer the question. 
Hosting Service Question: 
 Do you have in-house IT staff? 
o Yes  
o No 
This question determines if the TSP must send out an IE to configure the service and if the 
TSP will be responsible for maintenance and updating of the service. 
Domain Service Question: 
 Do you require a national or international domain name?  
o National  
o International 
This question is used to identify if the user will be presented with a “.com” or “.co.za” 
domain name.  
The user would then respond to each of the questions for a service category by choosing an 
option relevant to his/her business need. Section B in Figure 4.6 presents the questions 
which a user is asked when purchasing an “Email Service”. The responses to the relevant 
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questions will become the customer’s requirements (filtering conditions) and configuration 
settings for the service.  
This forms the main part of the first user task. Section B in Figure 4.6 is placed on a single 
webpage allowing the user to go back easily and change initial requirements. Section A in 
Figure 4.6 allows the user even to go back to a previous service, which the user has already 
configured. This functionality supports the user task of a customer’s defining a need. 
4.3.3 Need Identification and Solution Recommendation 
After the user enters his/her business need and configuration settings the need has to be 
identified so that a solution can be recommended. By referring back to task two presented 
in the UI design section (Section 4.2.4), the users were able to proceed to a recommended 
solution after entering the business needs. This functionality is activated by the action 
attached to the “Go” button presented in Section B in Figure 4.6. After clicking this button, 
a recommended solution will be identified for the user and this solution is presented in 
Section C in Figure 4.6. The requirement was that users should be allowed to view all 
information about the solution package, from the solution’s name and price up to the 
solutions non-functional properties. The properties that the customer is able to view about 
the email service are: 
 The service name; 
 The price of the service; 
 Where the email server would be hosted; 
 The number of email accounts that will be provided; 
 The amount of storage capacity for each email account; 
 A description of the service and what the service comprise of;  
 If in-house IT skills are required to set up and maintain the service. 
 
Finding a recommended service and displaying these properties to the user required other 
components besides the UI component to be accessed and implemented. Firstly, the 
responses which were provided for each question had to be mapped to the data of each 
service solution package in the knowledge base. The knowledge-based component was an 
implementation of a MySQL database (MySQL_developers, 2012). This was easily 
integrated with the other open source tools already being used for SelPro. The database had 
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all the information loaded and stored for each service solution package, customer and 
business.  
This customer and business information was captured during the registration process of the 
customer. The data was loaded into the database through a DataLoader class, which 
allowed the service data to be changed and re-inserted and allowed new data (new services 
packages) to be entered quickly without much effort. Each of the service packages was 
stored with their attributes as highlighted in Figure 4.3. Figure 4.7 shows another example 
of the format in which the services and their properties were displayed in Section C in 
Figure 4.6 (below in Figure 4.7 is an example of a hosting service). 
 
Figure 4.7: Hosting service package 
The data stored about the customer and the business, responses to service questions, 
service packages and rules were used by the inference engine to identify which solution 
service package to recommend. The inference engine was the other major component 
which had to be implemented to support the second task.  
The design of the inference engine highlighted that a conjunctive query technique must be 
implemented to solve the CSP which is created. The CSP is created from all the data 
captured in the database, the customer requirements as well as the business rules which 
were identified.  
The business rules (inference rules) identified was implemented by the inference engine as 
“IF–THEN” statements. If we take the example of the customer requirements and service 
solution package recommended in Figure 4.6, the CSP which will be created by the 
inference engine will look as follows. 
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 Table 4.4: The CSP and recommendation of the example in Figure 4.6 
Symbol Expressions and Interpretations generated 
VPROD 
(Product properties of 
solution) 
{ name(Small mailpro...Largemailpro), 
price (0...250),hosting_location(SelPro...yourchoice) 
num_of_accounts (0...>100), storage_cap(1GB,2GB,3GB), 
service_descrip(x...y), 
 in-house_ITskills (true, false)} 
VC 
(Customer properties on the 
UI (customer options)) 
{ business_type(law,bank,manfact,IT), 
num_accounts_needed(1-10,11-50,51-100,>100),  
storage_cap(1GB,2GB,3GB),  
in-house_ITskills (yes, no) 
comm_external (yes,no) , 
payment (month,year), 
max_price (0,100,150,200,250) } 
CR  
(Customer responses to 
customer properties) 
{ business_type(IT), num_accounts_needed(1-10),  
storage_cap(1GB),  
in-house_ITskills (no), 
comm_external (yes) , 
payment (month), 
max_price (150) } 
CF 
(Filter conditions mapping 
customer properties to product 
properties) 
{ business_type =IT >>hosting_location=SelPro, 
num_accounts_needed =1-10>> num_accounts_needed 1-10,  
storage_cap = 1GB >> storage_cap=1GB, 
 in-house_ITskills =no>> in-house_ITskills = false, 
 comm_external =yes>>Requires an Internet service =true, 
 payment =month>> payment =month, 
max_price =150 >> price =150} 
 
CPROD The Email service packages satisfying this condition. Only 
one service package in our initial database satisfied these 
constraints. 
REQ (The customer 
requirements) 
{ business_type(IT), num_accounts_needed(1-10),  
storage_cap(1GB),  
in-house_ITskills (no), 
comm_external (yes) , 
payment (month), 
max_price (150)} 
RES 
(Recommendation) 
Solution package presented in Figure 4.6 section C.  
 
Identifying the Recommendation (RES) requires that the recommendation tasks be 
completed (Jannach et al. 2011). The customer requirements are depicted by REQ in Table 
4.4 above. The product properties (VPROD) are the attributes of the service solution 
captured in the database. These refer to the technical aspects of the services as discussed in 
the design section. The attributes for the Email service were shown in Figure 4.3.  The 
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customer properties (VC) are the questions which were formulated on the UI presented in 
Section B in Figure 4.6. The customer properties were identified by simplifying the 
technical questions, as mentioned in the design section. The examples of the simplified 
questions presented in Section 4.2.2 above are depicted by VC. The customer constraints 
(responses) (CR) are used to create the filtering conditions (CF) which is basically mapping 
the CR to the respective VPROD.  
The inference engine takes the implemented inference rules in order to generate the 
filtering conditions by using an Interpret method. An example of an IF-THEN statement is 
presented in Figure 4.8.  
 
 
Figure 4.8: Business rules mapping the VPROD to the VC coded as if-then statements 
 
The Interpret method identifies the CR and generates and returns CF based on the VPROD. 
This is used to determine a recommended service solution. The conjunctive query is 
generated, based on the filtering conditions. An example of the conjunctive query which 
was generated to determine the solution is presented below: 
Table 4.5: Example of a Conjunctive Query 
Conjunctive Query 
{ Query -  [hosting_location=SelPro,  
       num_accounts_needed 1-10,  
       storage_cap=1GB, 
       in-house_ITskills = false, 
       Requires_an_Internet_service=true, 
       Payment_method =month, 
       price <=150] Services table (VPROD) } 
 
The inference engine uses a Search method, which was implemented to search for a 
service against all the services for that specific service category based on the query. The 
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query is a SQL statement that has a “SELECT, FROM, WHERE” statement combined by 
the “AND” operator.  
In this case a conjunction to the final query was made for each of the filtering conditions 
(e.g. in-house_ITskills = false was one of the queries). This final conjunctive query is then 
executed against the “Email Service” database table that contains all the email services 
(VPROD). The service/s that satisfies the conditions (customer requirements) in the 
conjunctive query is then returned in a resultList by the Search method. The service 
packages in the resultList are displayed in the UI component (Section C in Figure 4.6) to 
the customer. The solution is displayed below the requirements generation section of the 
UI in order to allow the user to go back quickly and change requirements if he/she is 
required to. The updated service package for the updated requirements is then displayed.  
The tools used to complete this functionality, from capturing requirements from the UI 
component through to querying the database, were implemented by using Java, JavaScript, 
JSF 2.0 and SQL. JavaScript is an easy-to-learn scripting language that was used to 
dynamically update the UI as the user responded to the questions (e.g. if the user selected 
to pay for the service annually (Figure 4.9), the question asking what the maximum price 
the customer is willing to pay “per month”, will be updated to “per year”, as well as the 
price options related to it will increase to monthly prices) (Flanagan 2006). This was done 
to reduce customer errors, improve the response provided by SelPro, and help the customer 
to define requirements and to add to the conversational approach used in the UI. 
 
 
Figure 4.9: Display presented when the user chooses to pay monthly 
 
JSF 2.0 was used to send the customer responses from the UI through to the Java methods 
in the inference engine. SQL was used to interact with the data stored in the MySQL 
database (conjunctive queries).  
Below is a figure (Figure 4.10) that encapsulates and summarises the processes of the 
inference engine. 
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Capture customer 
answer
Generate filter 
conditions
Identifies the 
answer selected 
from PrimeFaces 
component using 
JSF 2.0 and 
JavaScript.
Uses answers to 
generate filter 
conditions with 
respect to 
product attributes 
of product data 
using Java.
Amend UI options
Identifies the 
answer selected 
from PrimeFaces 
component and 
amends UI using 
JSF 2.0 and 
JavaScript.
Formulates the WHERE 
section of the CQ
Formulates the 
CQ
Appends 
WHERE 
conditions using 
the AND of SQL 
using Java.
The CQ is a SQL 
statement that 
searches for a 
service which 
satisfies 
customer’s needs.
Display 
recommendation 
on UI
Service 
satisfiying the 
customer need is 
displayed on UI 
using JSF 2.0 and 
PrimeFaces
 
Figure 4.10: Requirements identification and solution presentation process of the inference engine 
4.3.4 Purchase of Customer Solution 
The solution presented on the UI in Section C in Figure 4.6 can be purchased by the 
customer, by adding the solution to the basket. This functionality supports the third user 
task identified. The user should also be able to view and amend products in his/her basket. 
This functionality is provided by the basket section on the right side of the screen (Figure 
4.6). The user is allowed to view the service in the basket or remove the service. The user 
is also allowed to go back to any service category if he/she wants to add new services.  
Once the customer adds a service to the basket, the customer is assisted and provided with 
the option of purchasing another service, by up-selling services that are dependent on one 
another. This is provided as a recommendation that is generated by the inference engine, 
and displayed to the customer as shown in Figure 4.11.  
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Figure 4.11: Recommendation to purchase an Internet service 
 
The customer is provided with the up-selling recommendation to buy an Internet service 
based on the customer properties selected and the services already selected in the 
customer’s basket (e.g. If it is the first purchase conducted by the customer and the service 
purchased is an email service that will be used for external communication, the 
recommendation will be made that the customer buys an Internet service as an Internet 
connection is required to send emails externally). This was done to support the users better 
in the service provisioning process, by highlighting extra services which may be required 
for the purchased services to work, and to address the third user task.  
After the customer has purchased all required services, the customer can check-out the 
service/s in the basket. This checkout process is completed through the wizard approach 
highlighted in Figure 4.12. The component used for the wizard is a PrimeFaces component 
which was amended for use in SelPro. Only important customer information (payment and 
shipping information) is captured to ensure an efficient checkout process without delays. 
The information which is required was identified from the existing knowledge identified in 
Section 4.2.2.  The payment address information is similar to the shipping address 
information. In this case users are provided with a “checkbox” that will populate the 
shipping address information with the payment address information (presented above the 
Salutation field in Figure 4.12). This functionality was added to save the customer time 
during the check-out process and to prevent the customer from entering the same details 
twice. The information, captured during this process, is stored in the database and used to 
generate an “order form” for the customer.  
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Figure 4.12: Wizard-style check-out process 
 
After completing step 3 in the payment wizard, the customer is provided with the 
“confirmation” step which is where the “order form” is displayed. This allows the 
customer to confirm all the details of the sale. The customer can then choose to print the 
“order form” for future reference. Throughout the wizard and even at this step, the 
customer is allowed to go back and make changes to requirements and purchase new 
services. An example of the “order form” is presented in Figure 4.13. After confirming all 
services and details in the “order form” the customer can buy the services and an “order 
received” confirmation will be displayed to the customer. 
 
Figure 4.13: Order form generated for the customer 
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The “order form” can be viewed by the TSP, which can then provision and configure the 
respected services for the customer. This information is also used for future 
recommendations which SelPro needs to produce to the customer (e.g. if a customer 
already has an Internet service the next time the customer requires one, he/she will be 
asked if they would like to update the current service).This sums up the third and fourth 
task that is supported in the “Basket check-out” block presented in Figure 4.5. 
Since the methodology for development in the DSR methodology is iterative and requires 
evaluation and redesign, the initial prototype was evaluated to see how well the UI 
supports the user tasks (Hevner 2007). The interaction design model proposed by Preece, 
Rogers and Sharp (2007) was used for the iterative design methodology. The first activity 
in the iterative design process focuses on the needs, which are the requirements that were 
presented as user tasks. Then an initial design follows which is built as an interactive 
prototype that is evaluated before a redesign takes place. The identified problems will form 
the new requirements and these will be addressed by making design changes to SelPro, 
before another evaluation takes place. The first evaluation is important as it contributes to 
the final design and implementation of SelPro. The next section describes an expert review 
that was conducted on the initial prototype with five experts. 
4.4 Expert Review 
This section discusses the expert review that was conducted to address the demonstration 
phase of SelPro, which is the fourth phase of the DSR methodology. The method that was 
used to evaluate the usability of SelPro as well as the results obtained and design 
implications are discussed in this section.   
4.4.1 Goals of the Evaluation 
This primary reason for conducting the evaluation was to identify if SelPro had any 
potential usability issues that could prevent a user from completing tasks effectively and 
efficiently. The secondary reason for conducting the evaluation was to identify whether 
SelPro could be used to support a SMME in self-service provisioning. 
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4.4.2 Evaluation Methodology 
A heuristic evaluation in the form of an expert review was used to evaluate SelPro. A 
expert review is an inspection technique, where a set of experts analyse a UI of a system 
against a set of best practices (heuristics) (Hollingsed and Novick 2007). A expert review 
normally involves a small number of experts ranging from three to five and is commonly 
known as an informal technique of measuring usability (Nielsen and Molich 1990). An 
expert review was chosen to evaluate this prototype for various reasons. The primary 
reason for choosing this technique was because the technique is recommended for 
evaluating prototypes at an early stage of development. An iterative development process 
is being followed for SelPro and SelPro is at an early stage of development, therefore this 
evaluation technique was appropriate (Tory and Moller 2005). The evaluation technique 
also provides many benefits, which were the secondary reasons for using it; these benefits 
are listed below (Nielsen and Molich 1990): 
 It provides quick and value information insight of usability problems; 
 Measuring usability at a low-cost; 
 The evaluation can be conducted by non-professional evaluators; 
 The method for conducting the evaluation is easy. 
The heuristics used during an evaluation are referred to general guidelines and best 
practices (Dix et al. 2004). These best practices are used to evaluate the decisions made 
regarding the usability of SelPro. The most commonly used usability heuristics for online 
service provisioning systems are Nielsen’s (2010) ten heuristics and eight of these were 
used to evaluate this prototype. The ninth and tenth heuristics were disregarded for the 
evaluation, as only part of this functionality was implemented at this stage of the prototype. 
These heuristics were also not deemed as highly important for the goal of this evaluation. 
Nielsen’s ten heuristics are listed below (Nielsen 2010): 
1. Visibility of system status;  
2. Match between system and the real world;  
3. User control and freedom; 
4. Consistency and standards;  
5. Error prevention;  
6. Recognition rather than recall; 
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7. Flexibility and efficiency of use;  
8. Aesthetic and minimalist design; 
9. Help users recognize, diagnose and recover from errors; and 
10. Help and documentation. 
Together with these heuristics best practices for component design were noted by the 
usability experts. Best practices for “recommendation placement” and the “product check-
out process” were used (Hitchcock 2012; Nielsen 2010).  
After the issues of SelPro were identified, they had to be measured by usability experts. 
The issues identified based on the heuristics, were then assigned severity ratings by the 
usability experts. The severity ratings assigned, highlight the severity of a usability issue 
found. Severity ratings were chosen from a Likert scale (from 0-4) that describes the 
severity of the issue as presented below (Dix et al. 2004): 
0. Not a usability problem; 
1. Cosmetic problem: need not be fixed unless extra time is available; 
2. Minor usability problem: fixing this should be given a low priority; 
3. Major usability problem: important to fix, should be given a high priority; and 
4. Usability catastrophe: imperative to fix this problem before the product can be 
released. 
4.4.3 Research Design 
The expert review was conducted by using a heuristic rules approach as the evaluation was 
conducted by evaluating the system according to a set of heuristics and best practice 
guidelines. The expert review, being easy to conduct, was completed by using three steps 
from the standard human computer interaction (HCI) approach (Preece et al. 2007).  
The first step dealt with preparing the evaluation. A description of a typical user and the 
tasks the user would be expected to complete was created. This description was provided 
to the experts, to assist them in identifying if SelPro could support the user in completing 
the tasks presented (Tory and Moller 2005). A set of evaluation objectives and heuristics to 
evaluate SelPro were then determined, as discussed above. Two telecommunication 
domain and three usability experts were selected. The usability experts were selected based 
on their experience with usability evaluations and the domain experts based on their 
knowledge about telecommunication services in support of SMMEs. 
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The second step dealt with the evaluation procedure which was followed. Experts were 
provided with a document, explaining the heuristics and a scenario in the form of a persona 
of typical tasks a user of SelPro will be required to complete. Experts worked 
independently in an office setting in which a typical user of SelPro would be while using 
the system. The experts were observed while completing their tasks. A voice recorder was 
used to record any comments made by the experts while completing the tasks, as the think-
aloud protocol was used. Experts were probed with questions regarding the interface 
during this task completion period as this allowed the evaluator to receive detailed 
feedback on issues identified. This approach also allowed the experts to discuss their 
opinions in more detail. After completing the tasks in SelPro, the experts were provided 
with time to write down comments below each of the heuristics.  A copy of the task list 
and evaluation sheet can be found in Appendix C. 
After all evaluations were completed, the usability experts gathered in a room in order to 
assign severity ratings to the issues identified. The ratings assigned were done in 
agreement by the usability experts. The results received from the expert review were then 
analysed and these are discussed next. 
4.4.4 Results 
The results obtained from the usability study are summarised in Table 4.6 according to 
eight of Nielsen’s heuristics.  Table 4.6 represents the potential usability issues that were 
identified by the domain and usability experts as well as by the severity ratings for each of 
the issues. The general feedback received on the initial prototype was positive as this is 
evident from the severity ratings which were assigned to the identified issues. No usability 
catastrophes were identified and only a few major usability issues were identified. 
Nielsen’s heuristics, however, highlighted that the area with the greatest potential issues 
was the visibility of status of SelPro to the user. To prevent violating this heuristic, SelPro 
should provide the user feedback about where the user currently is in SelPro (Preece et al. 
2007). The other areas of concern were that SelPro did not provide consistency in price 
options, user control and freedom were slightly limited and minimal aesthetic problems 
were identified. The heuristic that presented the least issues was the flexibility and 
efficiency of use heuristic.  
  
Chapter 4: Design and Implementation 
108 
 
Table 4.6: General usability heuristic results according to Nielsen’s heuristics 
 
Usability 
Criteria 
Potential usability issues Severity 
rating 
1. Visibility of 
system status 
The prototype does not clearly show the user on which screen he/she 
currently is.  
2 
Some messages are wrongly worded. 2 
The prototype does not allow the recommended services to be clearly 
noticeable. 
3 
The descriptions provided of services are not descriptive enough. 2 
2. Match between 
system and the 
real world  
Some questions must be removed, which are normally not asked during 
the purchase of telecommunication services. 
3 
The prototype does not group similar services. 2 
3. User control 
and freedom 
The prototype does not give the user enough explanations about the 
services. 
3 
There is no indication of which services have already been purchased, 
except by viewing in the basket. 
1 
The prototype does not provide a clear logical flow for the services to 
be purchased 
3 
 4. Consistency 
and standards  
The prototype does not provide a consistency in price options for all 
services. 
2 
The prototype does not communicate contract time frames to the users.  2 
The prototype does not provide the terms and conditions of purchasing 
a service. 
2 
5. Error 
prevention 
The prototype does not disable the “add to basket” button after a 
service has already been added. 
3 
There is no confirmation box when removing services from the basket. 2 
6. Recognition 
rather than recall 
The prototype does not keep track of general customer information. 3 
There is no way for the user to distinguish between different price 
ranges in the basket. 
3 
7. Flexibility and 
efficiency of use  
The prototype does not provide enough support for a user who has no 
knowledge of telecommunication services. 
2 
8. Aesthetic and 
minimalist design 
The checkout process tabs look like buttons. 2 
The wording of some questions is not simple.  1 
Some aesthetics on the labels of the buttons should change. 1 
Some icons should be changed as they do not directly relate to the 
button’s functionality. 
2 
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4.4.5 Discussion of Results 
The results from the evaluation presented in Table 4.6 showed that no usability 
catastrophes were identified. The severity ratings provided, identified that most of the 
usability issues were minor or cosmetic. 
Some major usability issues were identified from the expert review and these issues must 
be addressed to improve the usability of SelPro. A concern was raised that SelPro did not 
clearly show the system status. The main concerns identified from this heuristic was that 
users could not clearly see that the services which SelPro recommended were displayed 
below the question section after they clicked “GO”. The users had to scroll down to see the 
recommended services. The page which the user was on while using SelPro was not 
immediately visible. Users had to view the “breadcrumb trail” to see where they were. This 
was mainly experienced when SelPro automatically placed a user on a different page. This 
was a concern as the experts felt slightly lost while completing some tasks.  
Other major concerns identified from the domain experts were that one or two of the 
questions asked about the email service, were not normally presented to SMME customers 
while provisioning email services. The prototype also did not remember general 
information about the customer throughout the questions. This slightly irritated the experts 
because they had to select their “Business type” each time for all the different services. 
There was also no logical flow between the four services. It was recommended that the 
order in which the services are normally purchased by a SMME must be used in Selpro’s 
flow (e.g. a SMME will mostly require an email service first, then a domain name, then 
Internet and finally hosting services, depending on their business type and 
telecommunication needs). The other major issue was not disabling the “add to basket” 
button after a service was added to the basket and no clear distinction was made between 
the different prices in the basket (e.g. the user could not see which amount must be paid 
monthly and which annually).  
Minor to cosmetic concerns were that some standards of an e-commerce website were also 
violated as there was no terms and conditions for purchasing a service. The aesthetic 
heuristic highlighted that some of the elements on the pages were confusing as some 
headings looked like buttons. There were also no aesthetic elements added to help users 
understand the functionality of some buttons and links.  
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The flexibility and efficiency of use was rated as a minor issue. This issue is, however, 
important for the goals of this prototype. The prototype was initially designed to support 
all types of SMME users (customers). The issue highlighted that there was not enough 
support provided for a complete novice user. Questions and options available for the 
services during the provisioning process would not be fully understood by a complete 
novice user. This issue was related to providing the user with more control and freedom. 
For example, a user who does not know how much storage capacity it requires to save 
“14, 100 megabyte video files and 100 Microsoft Word documents” would not know how 
much storage capacity he/she needs from their hosting service. 
Several suggestions and positive comments to address these issues were made by the 
experts. These suggestions and comments were received through the think-aloud protocol 
that was used and captured from the voice recordings. The main positive comment, which 
supported one of the design goals of SelPro, was that the flow of the entire provisioning 
process was efficient, easy to use and that SelPro successfully automated the manual 
service provisioning process conducted for SMMEs in the telecommunication industry. 
The suggestions made to address the usability issues and changes that were made to 
address the issues will be discussed next. 
4.4.6 Design Implications 
The expert review assisted in highlighting issues which will be addressed to better meet the 
goals of SelPro. The main aspects of Selpro’s design which needed to be addressed were 
information discovery, information presentation and UI adaption.  
Information discovery deals with allowing the users to find the information and 
functionality they require. The suggestions made were that SelPro should provide a 
complete novice user with support throughout the service provisioning process. The design 
change that will be made to address this issue is the addition of another wizard to guide a 
complete novice user through a logical service provisioning process, clearly showing 
process, progress and steps completed in the wizard. The user will also be directed to the 
flow in which the telecommunication services have to be purchased by a SMME. 
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Information presentation deals with the way in which the information is presented to the 
user. The following suggestions were made: 
 Questions should provide explanations for novice users; 
 Buttons must have icons that describe their functionality; 
 The recommended service should have a clear heading showing that it is the 
recommended service for the user’s requirements; 
 Similar questions and their options must be grouped together.  
The design changes which were made to implement these suggestions included having 
explanations of the options presented next to each question. As the customer responds, 
suggestions are filtered to prevent high customer expectations and user errors. For 
example, if a customer chooses “2000 GB storage capacity” a suggestion will be placed 
next to the question of “the minimum price the user wants to pay” (the suggestion will 
guide the user by; stating because you require 2000 GB you should  expect to pay more 
than five hundred South African Rand for this service). Similar questions and their options 
will be grouped together to allow a better flow for the users while they are answering the 
questions. Buttons will have descriptive icons, a heading will be added above the 
recommended services and the scrollbar will automatically be scrolled down to the 
recommended services. 
The UI adaption deals with the adaption of the UI according to different users. A 
suggestion was made that the users should be asked beforehand if they know what services 
they would like to purchase or if they require guidance. From here onwards SelPro must 
respond accordingly to a user type. A user who knows what he/she wants to purchase will 
log in and receive the current UI design of SelPro with the added suggestions next to the 
answer options as mentioned previously, to prevent errors. A user who requires guidance 
will be provided with the “new wizard” as mentioned earlier. The user will also be able to 
see a more in depth explanations for each question’s response options, when compared to 
options received by the user that knows what he wants. Suggestions will also be provided 
for the filtering options of the service. These design changes will be done to improve 
support for a novice user. The design changes that were made are highlighted in the next 
section. 
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4.4.7 Design Changes 
The design changes that were completed on SelPro did not address the cosmetic and minor 
issues identified. The first issue addressed, was the UI adaptation. Figure 4.14 presents the 
first screen the user of SelPro will see when wanting to purchase telecommunication 
services. Users can then choose if they know what they want and if they require assistance. 
This will distinguish whether the user is a complete novice or not. Depending on the 
answer received, the user will receive a prototype as presented in Figure 4.15 and Figure 
4.16 or as presented in Figure 4.17 and Figure 4.18. 
 
Figure 4.14: Decision screen for novice and more experienced users 
 
Figure 4.15 and Figure 4.16 present the screens and UI which a complete novice user will 
receive once he/she is registered and logged in. Figure 4.17 and Figure 4.18 present the 
screens and UI a more experienced user will receive once he/she is registered and logged 
in.  
There was an issue which highlighted that generic information of the customer was not 
remembered by SelPro. The customers had to choose their “Business type” and whether 
they have “in-house IT skills” every time for each of the services. This generic information 
of the customer was then moved to the “Registration screen”. This now allows the 
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information to be part of the customer’s profile and be used throughout SelPro, for all the 
services and recommendations presented for assistance through the process. Customers 
will not be required to their generic information, only once during registration. Moving the 
generic information to the “Registration screen”, will potentially increase the customer’s 
satisfaction and efficiency throughout the service provisioning process.  Figure 4.15 to 
Figure 4.18 show how some of the major usability issues were addressed. Figure 4.15 and 
Figure 4.16 present the updated UI design for a completely novice user. 
    
 
Figure 4.15: Guidance wizard for a complete novice user 
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Figure 4.16: Updated email service page for a complete novice user 
Figure 4.17 and Figure 4.18  presents the updated UI design that a more experienced user 
will receive. 
 
Figure 4.17: Home page for a more experienced user 
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Figure 4.18: Updated domain service page for a more experienced user 
Comparison of the UIs of the novice and the more experienced user shows a distinction in 
the support provided to the users. It was identified that a more experienced user would like 
some freedom when purchasing services where novice users require a step-by-step process. 
As seen in Section A and B in Figure 4.15, the novice users are provided with a step-by-
step wizard that guides the user in purchasing all the required telecommunication services 
in support of their business operations, and proceed to payment. The user is also provided 
with a clear logical flow of the services, as suggested by the experts (Section 4.4.5). This 
logical flow was also replicated for the more experienced user as the order in which the 
“service tabs” are displayed matches the order in which the services are normally 
purchased (this can be seen in Figure 4.17). The more experienced users were, however, 
not provided with the step-by-step guide to assist them with their purchases. 
The steps presented on each page (Section A in Figure 4.15) highlight the current page the 
user is on, services already added to the basket and steps to complete. This assists the user 
to see where in the service provisioning process he/she currently is. Figure 4.18 shows the 
Email label as “green” illustrating that the user already added an email service to his 
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basket, the Domain label as “orange”, which illustrates the current step in the process and 
the other labels as “blue” which highlights that these services were not purchased or the 
steps not completed. 
Figure 4.16 shows the questions which a customer must answer for the email service. The 
questions for the service categories were reviewed by the domain experts and only the 
most relevant questions are asked for each service. The price options, however, could not 
be kept consistent as the Email, Internet and Hosting services could not be paid “Once-off” 
as the customer is likely to update these services. The Domain name service on the other 
hand could be paid “Once-off” as this might never be updated and can even be sold by the 
customer. Therefore, the relevant price options provided by TSPs were used for each 
service category. The messages that were wrongly worded and short service descriptions 
were addressed and updated.  
From Figure 4.16 and Figure 4.18, information icons can be seen next to each question (the 
“i” icon) and recommendation icons are present next to respective response (“light bulb” 
icon). These icons allow users to hover over them and display a pop-up window with text, 
which explains the questions and service properties in more detail. The recommendation 
icons next to the responses assist the user in the provisioning task and also reduce user 
errors. These recommendations providing the user with more information about the service 
improves the user’s knowledge about the service. The recommendations also guide the 
user by recommending the option that should be taken for required storage capacity if the 
user needs “11-50” email accounts. These recommendations are dynamic and are updated 
as the customer’s response changes. The recommendations provided are also based on 
expert knowledge that was gathered about the responses and can also be tailored to specific 
TSPs business service package offerings (e.g. A TSP might only offer “11-50” email 
accounts in a package that has “2GB” storage capacity for each account). These 
recommendations were linked to each response and were also stored in the database which 
makes it easy to update. The more experienced users, however, receive fewer 
recommendations when compared to the number of recommendations which a complete 
novice user receives (as seen in Figure 4.18). 
The icons used on the buttons also assisted the customer to highlight the functionality of 
the buttons. After defining the customer’s needs, the customers could then click the “Next” 
button which was previously labelled “Go”. There is also an arrow icon which was added 
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to assist the user to identify that he/she will proceed to a next step (which is viewing the 
recommendation services). A clear heading was then provided above the recommended 
services as shown in Figure 4.19 below. This helped the user to see the services that were 
recommended for his/her requirements. If the user then decides to add a product to the 
basket, more experienced user will receive a message box confirming that the product was 
added to the basket, where a novice user will be taken to the next step in the wizard 
(Section B of Figure 4.15). The service purchased by the novice user will then be ticked in 
the wizard to show completion of a step (as shown in Section B of Figure 4.15). After the 
message box is closed by the more experienced users the recommended services will 
disappear and the text on the “Next” button will be updated to “Update service”.  This 
provides greater support to the user in the service provisioning process. 
 
Figure 4.19: Recommended service added to the basket for a more experienced user 
 
The service added to the basket will now be reflected in the basket. The basket was also 
improved by having the different labels prices displayed, “Monthly, Annual and Once-off”. 
The updated basket is shown in Section C of Figure 4.15. A confirmation box was added to 
prompt the user, when the user selects to remove a service from the basket. This was done 
to prevent unintentional user errors.  
The issues with the check-out wizard were focused on aesthetics, so these were addressed 
quickly. The check-out wizard tabs (Figure 4.12) which looked like buttons were changed 
by customising the PrimeFaces component, by removing the fill inside the button. The 
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updated price labels of the basket were also reflected in the first step of the check-out 
wizard.  
This concludes the design changes that were made to the initial prototype. These changes 
were important as they formed the final design of the prototype, which will be used for the 
second evaluation. The second evaluation will also determine if any other usability issues 
exist and to determine the extent to which SelPro supports SMMEs in purchasing the 
required telecommunication services. 
4.5 Conclusion 
This chapter addressed Research Question 4 presented in Chapter 1, namely, “How can the 
selected intelligent system be designed and implemented to effectively and efficiently 
support customers in self-service provisioning?”  
The sub-research questions of Research Question 4 were addressed in this chapter by 
presenting the design and development of SelPro- a self-service provisioning system for 
SMMEs wanting to purchase telecommunication services. These research questions 
address the third phase of DSR. The deliverable of the third phase was the complete 
prototype that was designed and implemented based on the existing constraint-based 
knowledge-based recommender system model.    
The prototype allows a user to conduct the self-service provisioning process in a 
conversational manner. The expert’s knowledge was implemented through the UI flow and 
inference engine implementation. The data that was required was identified from the 
literature and experts.  
The knowledge-based, UI and inference engine components were identified as important 
components for the functionality of SelPro. The knowledge-based component was a 
MySQL database which was populated with customer, business and service data that is 
required to provision a SMME telecommunication services. The attributes of this data were 
obtained through various different knowledge acquisition techniques, namely, reviewing 
existing examples from literature and semi-structured interviews which were conducted 
with domain experts. 
The UI component had to be designed to accommodate a novice user, in defining his needs 
and in viewing and purchasing a recommended service. The user had to be able to input his 
service requirements in an interactive conversational manner as the manual process was 
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tedious and no customer history was available. The questions that were generated on the 
UI to identify customer requirements were kept in simple language that could be 
understood by a novice customer. The users then had to be guided to a recommended 
service solution in a personalised manner and for this a wizard-style UI design was 
implemented by using JavaScript and JSF 2.0 with PrimeFaces.   
The inference engine component had to be able to solve a problem that was represented as 
a CSP. A conjunctive query technique was used that used the business rules that were 
represented as production rules, to identify the customer’s requirements from the UI 
component by mapping the customer responses to the technical aspects of the product and 
service properties. These mappings are seen as customer constraints that were then used to 
generate filtering conditions and a conjunctive SQL query that was executed against the 
services table to identify a service that satisfies all the customer constraints. Customers 
could then purchase this recommended service by following a wizard-style check-out 
process.  
An expert review was then conducted by five experts on the initial design of SelPro. This 
expert review was conducted to identify if SelPro contains any potential usability issues 
and if SelPro could support a user to complete his/her tasks. The results were positive as no 
usability catastrophes were identified. A few recommended changes that were regarded as 
important were implemented. This formed part of the fourth phase of the DSR 
methodology of demonstrating whether the prototype is usable. 
The next chapter will discuss a usability evaluation of SelPro, which will address the 
evaluation phase of the DSR methodology. This evaluation is important as it answers 
Research Question 5 of determining how useful, satisfying and beneficial SelPro is. The 
extent to which SelPro supports a SMME in purchasing telecommunication services will 
also be highlighted. 
.   
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 Chapter 5: Evaluation 
5.1  Introduction 
In Chapter 4, the design and implementation of the online self-service provisioning system 
for SMMEs purchasing telecommunication services, called SelPro was discussed. SelPro 
was designed and implemented, based on a constraint-based, knowledge-based 
recommender system. An expert review, which identified potential usability problems with 
SelPro, was then presented.  
This chapter addresses Research Question 5 and the evaluation phase of the DSR 
methodology, which is conducted to confirm the effectiveness and efficiency of the 
prototype in support of the service provisioning process. A user study evaluation method is 
used as it demonstrates a well-executed evaluation method, as proposed by Hevner et al. 
(2004). The user study was conducted to identify the rigour, utility and efficacy and 
usability problems with SelPro.  
The chapter begins with the identification of techniques which can be used to evaluate 
SelPro. The evaluation goals are then discussed and an appropriate evaluation technique 
chosen. The evaluation is then described, including the evaluation objectives, participants 
used, evaluation metrics and the experimental setup used. The analysis of the results is then 
presented, as well as the design modifications. The chapter concludes with a discussion of 
the design implications and design recommendations for similar systems. 
5.2  Evaluation Techniques 
The evaluation of the knowledge-based recommender system is important, as it provides 
the answer to Research Question 5 presented in Chapter 1. As SelPro makes use of the 
knowledge-based recommender system, evaluation techniques used to evaluate 
recommender systems had to be identified.  
The identified evaluation techniques may be categorised as experimental, quasi-
experimental and non-experimental research methods (Jannach et al. 2011). Only 
experimental research methods were researched as quasi-experimental and non-
experimental methods did not meet the goals of this research. Quasi-experimental and non-
experimental methods are mostly used to compare the perceptions of two user groups when 
using a system. Quasi-experimental and non-experimental methods also compare several 
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systems based on a usability metric (e.g. user satisfaction) and allow conclusions to be 
made about the usability metric. Quasi-experimental and non-experimental methods are 
mostly used to conduct longitudinal studies. These longitudinal studies are conducted to 
determine the impact of implementing a new component in an existing system (Jannach et 
al. 2011).  
The experimental evaluation techniques which were identified were offline experiments, 
user studies and online experiments. Offline experiments is a technique that is used to help 
identify an appropriate recommender system algorithm without user interactions (Shani 
and Gunawardana 2011). Offline experiments cater for a narrow question set that mainly 
focuses on identifying the predictive power of an algorithm. Offline experiments identify 
the predictive power of an recommender algorithm based on historical data (e.g. customer 
ratings provided for a product on an e-commerce website) (Jannach et al. 2011).  
The user study technique relies fully on the interactions of users with a recommender 
system, as the interaction of a user with a recommender system is important for the 
evaluation of a recommender system (Shani and Gunawardana 2011). User studies are a 
technique which allows users to interact with the system in a controlled environment, by 
asking them to perform a number of tasks and then report on their experience (Knijnenburg 
et al. 2012). Large amounts of quantitative and qualitative data about the system can be 
collected, as users can be asked a large range of questions during the study. Users are also 
monitored while completing the tasks. 
An online evaluation should be conducted before a recommender system goes live (Shani 
and Gunawardana 2011). Online evaluations focus on running an evaluation with 
customers on a live system, allowing them to perform real tasks (e.g. purchase a book 
online). The goal of an online evaluation is to identify the extent to which the 
recommender system addressed an objective (e.g. to identify if the recommender system is 
responsible for the increase in profit) (Shani and Gunawardana 2011). The online 
evaluation can also provide insight into the system properties which affected the goal of 
maximising profits (e.g. the accuracy of recommendations). Online evaluations are, 
however, time consuming and can negatively impact the system’s long term success, as 
customers having a negative experience during the evaluation might never use the system 
in future.  
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5.3  Evaluation Goals 
SelPro was developed as a proof-of-concept prototype, based on the knowledge-based, 
recommender system models design guidelines. The recommendation engine component in 
the prototype is not valuable by itself, as it only becomes valuable when supporting a user 
in completing a task (Mortensen 2007). SelPro was built to assist SMMEs in purchasing 
telecommunication services in support of their business operations, without help from a 
sales representative. The extent, to which the prototype supports a SMME in purchasing 
the telecommunication services, needs to be the central focus of the evaluation, as this will 
be the high-level goal of the evaluation.  
The prototype addresses the high-level goal of solving the service provisioning problem, 
by the way in which the components of the knowledge-based recommender system were 
designed and implemented. The UI component was designed to capture customer 
requirements and recommend solutions. The UI component did this by posing questions to 
identify customer requirements and recommended services based on the customer 
requirements. The UI component also had a wizard-style component that was used 
throughout the entire service provisioning process. The user is also supported throughout 
the service provisioning process. An expert review was conducted on SelPro previously in 
Chapter 4; this review helped to identify potential usability problems with SelPro. These 
problems were, however, addressed before this evaluation to ensure that SelPro was more 
usable. 
The prototype is now evaluated by using the high-level goal of the evaluation. The 
evaluation will be conducted by evaluating the user’s overall perspectives of the prototype 
and its components. The evaluation will confirm if the design and implementation of 
SelPro are feasible. The effect that the prototype components have on the participant 
conducting the service provisioning process will also be observed.  To determine if the 
goals of this research are met, the following performance and self-reported metrics must be 
evaluated: 
 The usability of SelPro, to determine whether it could support participants in 
purchasing the telecommunication services effectively and efficiently; 
 The learnability of SelPro, to identify if participants find SelPro easy-to-use and 
whether they have intentions of using a system like SelPro in future; 
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 The user experience (satisfaction), to determine the overall satisfaction of the 
participant while using SelPro (to confirm if the design was usable); 
 The perceived usefulness and benefits of SelPro, to determine what the benefits are 
for a SMME and TSP by using SelPro. 
5.4  Selection of Evaluation Technique 
Identifying the goals of SelPro assisted in choosing an evaluation technique to evaluate 
SelPro. The approach used to identify the evaluation technique was recommended by 
Mortensen (2007). Section 5.2 identified three evaluation techniques mainly used to 
evaluate a recommender system.  
Looking at the high-level and evaluation goals for SelPro, it was decided to use the user 
study evaluation technique. The user study evaluation technique was identified as suitable 
as it allows participants to interact with the system and report on their experiences 
(Knijnenburg et al. 2012). A large amount of qualitative and quantitative data can also be 
obtained from using this technique. 
The offline experiments and online evaluation techniques were rejected as the 
recommendation algorithm of a knowledge-based recommender system does not rely on 
historical data and does not produce predictions. A knowledge-based recommender system 
identifies a customer’s requirements explicitly and identifies and recommends an item 
which satisfies the customer requirements. 
 Reference to the goals of the evaluation presented previously shows that customer 
interactions and perceptions have to meet each of the evaluation goals, and offline 
experiments are conducted without customer interaction. Online evaluations were 
disregarded as SelPro is a proof-of-concept prototype, which could be customised and 
implemented by a TSP at a later stage. The user study evaluation technique was sufficient 
for the evaluation goals, as the high-level goal of the evaluation was to determine the 
extent to which SelPro supports an SMME in purchasing telecommunication products and 
services without human assistance.  
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5.5  Evaluation Design 
The evaluation design of the user study technique is conducted by firstly recruiting users to 
participate in the test and by asking them to complete a number of tasks (Shani and 
Gunawardana 2011). The tasks the participants had to complete required interaction with 
the prototype. Their behaviour was observed and recorded. Quantitative data (e.g. time 
taken to complete a task) was collected based on the participants’ behaviour and qualitative 
data (e.g. whether they enjoyed the interface) was collected by means of a questionnaire. 
The collected data was then analysed and results were reported on by using relevant 
statistical methods. 
This section discusses the user study that was conducted with ten participants. The 
participants were each required to complete a set of tasks which were constructed based on 
the goal of the study. The tasks were based on the entire service provisioning process that 
SelPro supports. The user study used the within-subjects design as the within-subjects 
method allows all the test participants to be presented with the same tasks (Shani and 
Gunawardana 2011). Each participant was provided with the same set of tasks that had to 
be completed over the two different interfaces provided by SelPro.  
Counterbalancing was used to reduce the learning effect and to avoid bias resulting from 
allowing all the participants to complete the first set of tasks, using the novice interface, 
before the expert, and vice versa. The order of the interfaces was alternated for every two 
consecutive participants as this is recommended by Chen and Pu (2008). The last two 
participants were used to balance the count of participants who received the novice 
interface (Task list 1) before the expert interface (Task list 2). Participant nine received 
Task list 2 first whereas participant ten received Task list 1 first. 
The participants completed a post-test questionnaire (Appendix G) after the task lists, as 
this is a powerful tool for a user study (Shani and Gunawardana 2011). The questionnaire 
enabled the collection of data that was difficult to measure from observing the participants. 
The choice of questions used on the questionnaire was based on the evaluation goals, 
which mainly focused on measuring the self-reported metrics. The usability of SelPro was 
evaluated in terms of the user satisfaction metric (customer experiences) and the perceived 
usefulness and benefits for the participant when using SelPro. 
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5.5.1 Evaluation Objectives 
The goal of the user study was to determine whether participants (irrespective of novice 
and expert) can purchase a telecommunication service package in an effective and efficient 
manner by using the self-service provisioning prototype and their level of satisfaction. This 
also helped to identify any other usability problems which may exist within SelPro. 
Identifying these problems forms part of the goal of this evaluation as these problems 
could be the factors preventing customers from completing their tasks effectively and 
efficiently. The self-reported data received from the questionnaires provided information 
about the participants’ perceptions of interacting with the system.  
5.5.2 Evaluation Metrics 
The high-level evaluation goal and the performance and self-reported aspects to be 
evaluated were highlighted in Section 5.3 above. Chen and Pu (2010) and Pu et al. (2011) 
propose two frameworks to evaluate a recommender system, where the one framework is 
specifically focused on user-centric evaluations. The two frameworks proposed had four 
common components which were built on well-known theories and models.  
The framework proposed by Chen and Pu (2010) was based on the theory of planned 
behaviour (TPB) and the technology acceptance model (TAM). The framework proposed 
by Pu et al. (2011) was based on the updated version of the TAM, called the Unified 
Theory of Acceptance and Use of Technology and the Software Usability Measurement 
Inventory (SUMI) evaluation model. These two frameworks were analysed and the 
evaluation metrics were based on the subjective measures relevant to the evaluation aspects 
of SelPro. The components of the framework proposed by Chen and Pu (2010) and 
possible questions to measure the subjective measures are presented in Table 5.1. 
The Trusting intentions component measurements of the framework were not suitable as 
this component was focused on identifying whether real end-users of the system will 
depend on the system for the given task and whether the participants intend to use the 
system in future. This component was discarded as this prototype was evaluated by domain 
experts and not SMMEs. The domain expert was, however, asked if they would 
recommend the system to an end-user, which addresses this component to a certain extent. 
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Table 5.1:Possible questions to measure the different component in the framework (Chen and Pu 2010) 
Measured variable Question responded on a 5-point Likert scale from “strongly 
disagree” to “strongly agree” 
Subjective perceptions of system-design features 
Transparency 
 
I understand why the products were returned from the explanations in 
the interface. 
 
Recommendation 
quality 
This interface gave me some really good recommendations. 
User control I felt in control of specifying and changing my preferences in this 
interface. 
Overall competence perceptions 
Perceived ease of 
use 
I find this interface easy-to-use 
Perceived 
usefulness 
This interface is competent to help me effectively find products I like 
I find this interface is useful to improve my “shopping ” performance 
Enjoyment I find my visit to this interface enjoyable 
Decision 
confidence 
I am confident that the product I just “purchased” is really the best 
choice for me. 
Perceived effort I easily found the information I was looking for. 
Looking for a product using this interface required too much effort 
(reverse scale) 
Trustworthiness 
Trust in 
recommendations 
I feel that this interface is trustworthy. 
I trust the recommended products since they were consistent with my 
preferences. 
Satisfaction My overall satisfaction with the interface is high. 
Trusting intentions  
Intention to 
purchase 
I would purchase the product I just chose if given the opportunity.  
Intention to return If I had to search for a product online in the future and an interface like 
this was available, I would be very likely to use it. 
I don't like this interface, so I would not use it again (reverse scale). 
Intention to save 
effort in next visit 
If I had a chance to use this interface again, I would likely make my 
choice more quickly 
 
The system design features are related to the usability of SelPro. Usability is the quality 
attribute of a system as described  by Jakob Nielsen (2003). The metrics by which they 
were measured for usability are described below: 
o Efficiency:  The time to complete a task successfully. This metric will highlight the 
time participants take to complete the service provisioning task by using SelPro;  
o Effectiveness:  Task success, identify if the task was completed successfully. This 
metric will highlight the extent to which SelPro allows the participant to complete 
the service provisioning task successfully; 
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o Learnability:  Was the prototype easy to learn over time. This metric will highlight 
whether participants could learn to use SelPro without much effort in a short space 
of time. 
The metrics highlighted above are the performance metrics which were evaluated. The 
competence perceptions component motivated the measurement of the participants’ 
perceived usefulness and benefits of SelPro. The perceived usefulness and benefits of the 
SelPro will show if SelPro can potentially support a SMME in the service provisioning 
task of telecommunication services. These metrics will also show if SelPro addresses the 
shortcomings of current service provisioning methods which exist for SMMEs. It will also 
highlight whether SelPro contains potential benefits. 
The trustworthiness component is related to the overall user experience while using SelPro. 
The metrics which were measured for the overall user experience were ease-of-use and 
user satisfaction. These metrics will highlight how easy it was for the participant to 
complete the service provisioning task by using SelPro. It will also highlight the level of 
satisfaction which the participant had enjoyed while performing the service provisioning 
task. The perceived usefulness, perceived benefits, ease-of-use and user satisfaction are the 
self-reported metrics, which were captured from the participants. 
5.5.3 Participants 
Ellis and Dix (2006) stated that prototypes being developed to support tasks within an 
application domain require participants with a clear understanding of the problem and data 
to evaluate the prototype. It was decided to use Purposive Sampling to recruit domain 
experts who understood the data presented by the prototype and the problem that the 
prototype proposed to solve.  
Purposive sampling is a strategic method of recruiting participants for an evaluation (Palys 
2008). Seeing that domain experts were required, the Expert Sampling technique was 
adopted, which is a type of purposive sampling strategy that identifies an individual with 
particular expertise (Palys 2008). A set of criteria were developed for recruiting 
participants for the study. Specifying the criteria helped to identify specific participants for 
the application domain. The criteria used were related to the independent variables (e.g. the 
service provisioning expertise) of the participants, which were used in the evaluation. The 
independent variables were used to identify the influence they have on the dependent 
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variables (variables of the evaluation outcomes ) (Jannach et al. 2011). The criteria are 
listed below: 
 The participant should have undertaken or conducted the telecommunication 
service provisioning process before (preferably for a SMME); 
 The participant should have experience with email, domain, Internet and hosting 
telecommunication services. 
 
Tory and Moller (2005) suggested that a few domain experts can provide adequate 
feedback to evaluating a prototype which will be used within an application domain. Ten 
(nine male and one female) domain expert participants were recruited, seven participants 
were from a well-known TSP in South Africa and three were ICT engineers from NMMU. 
The independent variables of the participants from the ICT department at NMMU and the 
TSP were similar and therefore these participants’ results were combined. The job roles or 
positions of the participants were solution architects, chief solutions architect, senior 
system engineer and SMME marketing manager.  
All the participants had experience with the four services being provisioned to SMMEs by 
SelPro (Figure 5.1). Nine out of the ten participants had more than one year of experience 
with telecommunication service provisioning and each of the four services (Figure 5.1).  
Only two of the participants had less than three years’ experience with the four 
telecommunication services supported by SelPro. One other participant had less than three 
years’ experience with the hosting service as this service is a fairly new service in the 
telecommunication industry compared to the other three telecommunication services, 
which are well established.  
Three of the ten participants rated themselves as experts in provisioning 
telecommunication services specifically to SMMEs where five of the ten participants rated 
themselves as moderately experienced (Figure 5.1).  Most of the participants had more 
than three years’ experience with website usage and more than half of the participants had 
used a self-service provisioning system for telecommunication services before. Figure 5.1 
indicates the percentage of participants who had experience with telecommunication 
service provisioning and the four telecommunication services. 
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Figure 5.1: Demographic profile of evaluation participants (n=10) 
 
5.5.4 Evaluation Instruments  
The evaluation instruments were required to meet the objective of the user study. A test 
plan (Appendix F) which outlined the objectives of the user study was provided to the 
participants  (Barnum et al. 2003). Attached to the test plan document was a background 
questionnaire. The background questionnaire (biographical details) was used to determine 
the level of expertise that participants had in service provisioning and telecommunication 
services.  
The performance metrics were identified by logging the participants’ interaction with the 
prototype while completing the provided tasks. The interaction logging provided the time a 
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participant took to complete a task and whether the task was completed successfully or not. 
The task completion times were used to evaluate learnability.  
The self-reported metrics were then evaluated by using a post-test questionnaire. The post-
test questionnaire (Appendix G) was based on the Usefulness, Satisfaction and Ease of Use 
questionnaire (USE) proposed by Lund (2001). The questionnaire is divided in four 
categories, namely, usefulness, ease of use, ease of learning and satisfaction and captured 
quantitative responses by using a seven-point Likert scale (1-Strongly disagree, 7-Strongly 
agree). The questions were adapted slightly to identify the usefulness, ease of use, ease of 
learning and satisfaction with SelPro and its components in supporting the self-service 
provisioning process of telecommunication services. A general feedback section with 
open-ended questions was added to the end of the questionnaire. This section helped to 
identify qualitative responses from the participants, such as the most positive and negative 
aspects of SelPro, as well as general recommendations for improvement of SelPro. These 
responses also helped to identify the aspects perceived as useful and beneficial to the 
participant.   
5.5.5 Tasks 
Participants were provided a set of selected tasks. These tasks were also part of the test 
plan (Appendix F), which the participants received. The tasks that the participants had to 
complete were designed based on the requirements presented in Chapter 2 and the high-
level goals of SelPro. The task lists used for the user study encapsulated these tasks and 
ensured that the participants completed the entire service provisioning process from a 
novice and expert perspective. The participants were provided with two similar sets of task 
lists. The task lists were structured in the form of a scenario similar to the task list which 
was used for the expert review. The scenario was based on a SMME (law business), which 
required the four telecommunication services. The scenario did not provide a step-by-step 
guide to the participants, but did provide some guidance in completing the tasks. The 
participant was, however, expected to extract a set of service requirements of the business 
for each of the services from the scenario. These service requirements then had to be input 
into the prototype as part of each task. This approach was used to see if participants could 
use SelPro to complete the self-service provisioning process independently of the interface. 
The difference between the two tasks lists provided, were the change in the requirements 
that the law business had for each of the four telecommunication services and the types of 
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customer the participant had to pretend to be. The test plan (Appendix F) required 
participants to complete the following tasks: 
 Register and log in as a novice or expert customer; 
 Enter service requirements by answering the questions related to the services; 
 View recommendations and tooltips for the questions and responses; 
 View and add a recommended service to the basket; 
 Purchase services in the basket; 
 Confirm the purchase by completing the check-out process. 
5.5.6 Procedure 
The user evaluation took place at different locations. The evaluation of the seven 
participants from the TSP was conducted in a board room on their premises. SelPro was 
not dependent on a specific location as the prototype was hosted on a web server and 
accessible from anywhere.  Each of the participants was provided with a specific time slot 
for completion of the evaluation. The evaluation of the three participants from NMMU was 
conducted at their respective offices. 
One participant was evaluated at a time. This was done so that the evaluation administrator 
(the author) could use the think-aloud protocol to obtain any general comments (positive 
and negative) that participants made about the prototype throughout the evaluation. The 
administrator of the evaluation provided each participant with the test plan (Appendix F) at 
the start of the evaluation. The administrator then briefly explained the evaluation 
procedure and the reason for the scenario. The participant was then asked to provide 
informed consent for participation in the user evaluation (Appendix E). After providing 
consent for the participation, the participant then completed the background questionnaire, 
which was part of the test plan (Appendix F).  
The evaluation of the prototype commenced, by the participant receiving a number 
together with registration and log in details. The participant was then provided with a 
persona of two customers, one were novice and one expert. The persona was based on a 
purchasing manager of a SMME that need to purchase telecommunication services. The 
participant then commenced with the tasks lists (Task list 1-as novice customer and Task 
list 2 –as expert customer) (Appendix F). The task lists were presented in a scenario format 
which stated all the business requirements for each specific service offered by SelPro. The 
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participant was observed by the test administrator at all times during the evaluation. After 
completing both task lists, the participants completed a post-test questionnaire.  The 
administrator then ensured that the data which was logged by automatically by SelPro, 
about the participants’ interactions was recorded correctly, before capturing the post-test 
questionnaire results. All the data was finally gathered and analysed to be presented as the 
evaluation results. 
5.6 Evaluation Results 
This section presents the results which were obtained from the analysed data. The data was 
captured and analysed by using Microsoft Excel version 2010. The relevant descriptive 
statistics together with graphical representations of the results for each of the metrics are 
provided. These are explained to highlight a possible reason for the results obtained. The 
evaluation metrics used for the evaluation are divided into performance/usability metrics 
and satisfaction/self-reported metrics (user experience and perceived usefulness and 
benefits). This section describes the results for the different metrics.  
5.6.1 Performance Results 
The performance (usability) metrics results, namely efficiency, effectiveness and 
learnability for SelPro, are discussed in this section. The efficiency results showed that 
participants could complete their tasks quite quickly irrespective of the novice and expert 
interfaces. Participants could also complete the service provisioning task faster than the 
current perceived, manually intensive way reported on by the participants (Section 5.6.1.1). 
SelPro was also identified as effective in supporting the participants to complete the self-
service provisioning process as a novice or expert customer. The prototype was also 
perceived as being easy to learn. The task completion times decreased from the first to the 
second attempt of completing the task. This supports this conclusion that the prototype is 
easy to learn. 
5.6.1.1 Efficiency 
The results of how efficient SelPro is in assisting the participants to purchase 
telecommunication services, were identified by determining the amount of time it took the 
participant to complete individual tasks (purchasing an email, domain, internet and hosting 
service and completing the services checkout process) and the entire service provisioning 
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process. As highlighted in Section 5.5.6, participants were provided with two task lists. 
Task list 1 presented how telecommunication services could be bought from a novice 
customer’s perspective and Task list 2 presented how telecommunication services could be 
bought from an expert customer’s perspective. The times for completing both task lists 
were captured. The tasks which were completed were similar - only the requirements 
(filtering conditions) and the interface changed. The interface assisting with the purchase 
from the novice customer’s perspective had a wizard-style interface and recommendations 
guiding the entire service provisioning process. The interface assisting the expert customer 
did not have this wizard-style interface and presented fewer recommendations which 
guided the participant through the process. 
The task time was logged for each specific task on the task list. There were five tasks in 
each task list. The start and end times for each specific task was captured. An overall time 
for completing a particular task list was also captured. The geometric mean was used to 
present the time-on-task for the five tasks on the two different interfaces (Task list 1 and 
2). The geometric mean was used as it has less bias for time-on-task data, which is 
typically skewed (Tullis and Albert 2008). Figure 5.2 and 5.3 present the geometric mean 
times for completing the five different tasks as a novice customer and as an expert 
customer, with a confidence interval of 95%. In both interfaces, Tasks 1 and 3 took longer 
to complete when compared to the others.  These two tasks were the only tasks completed 
in over two minutes on average when using the novice interface. 
These tasks were still completed in the longest time even when using the expert interface. 
However, Task 3 was completed faster than Task 1 using the expert interface, whereas 
using the novice interface to complete Task 1, took the longest amount time to complete. 
Tasks 1 and 3 required the participant to purchase an email service and an Internet service.  
These services had more requirements, which had to be provided compared to the other 
services (more filtering conditions). This could have contributed to the task time being 
slightly longer than for the rest of the tasks. The email and Internet service required the 
participant to present at least five customer constraints before purchasing the service. The 
domain and hosting service, however, required only four. The error bar ranges for these 
two tasks are large as two out of ten participants completed the tasks in over 5 minutes 
compared to the rest, who completed these tasks in less than 3.50 minutes. Three out of the 
ten participants managed to complete these tasks in less than 1.60 minutes. The difference 
in task times could be due to the time that the participants used to extract the requirements 
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from the scenario. The time participants took to discuss certain concerns and what they 
liked about the prototype could also have played a role in the deviations in task times. 
 
Figure 5.2: Geometric mean time-on-task for the five tasks on the novice interface (Task list 1) (n=10) 
 
 
Figure 5.3: Geometric mean time-on-task for the five tasks on the expert interface (Task list 2) (n=10) 
 
Figure 5.4 presents the geometric mean time-on-task for the tasks in the two different 
interfaces. Looking at the different task times for the two interfaces, a clear decrease in 
time to complete the tasks when using the novice and expert interfaces is noticeable. This 
could be because the novice interface provided a wizard-style design, which has multiple 
recommendations and guidance in a step-by-step procedure. This interface requires the 
participant to read a lot as it attempted to provide the customer with insight into the 
required telecommunication services and service information, when compared to the expert 
interface, which provides less assistance and requires less reading. The expert interface 
provides the participant with flexibility and fewer recommendations. This could be the 
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reason for the slight decrease in time for the tasks when using the two interfaces. This 
result, however, supports the design decision that was made to have the experts complete 
their tasks more quickly, as they do not require so much assistance and know what services 
they would like to purchase. Providing experts with lots of recommendations and step-by-
step guidance could possibly annoy them.  
 
Figure 5.4: Geometric mean time-on-task for the five tasks on the two interfaces (Task list 1 and 2) 
(n=10) 
 
The task times presented in Figure 5.4 show that each of the tasks when using the two 
interfaces was on average completed in less than 3 minutes. The geometric mean 
completion time for the complete task list (Figure 5.5) for the two interfaces indicates that 
both task lists were completed in less than 11 minutes (10.78 minutes for the novice 
interface and 8.01 minutes for the expert interface) by the participants. However, the 
margin of error for completing the tasks on the novice interface was close to 4 minutes 
(with a confidence interval of 95%). This was due to two participants who completed the 
overall process in more than 20 minutes compared to five participants who completed the 
overall service provisioning process in less than 9 minutes.  
Nine out of the ten participants estimated that the current manual service provisioning 
process would take longer than two hours to complete (Question B, 11 in Appendix F). 
Using SelPro, the ten participants could, on average, complete the service provisioning 
process for an SMME in less than 11 minutes. This result is positive as one of the 
objectives was to decrease the time taken to provision services to an SMME. 
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Figure 5.5: Geometric mean time-on-task for the complete service provisioning process (n=10) 
5.6.1.2 Effectiveness 
The results of how effective SelPro is in assisting the different types of customers in 
purchasing telecommunication services were identified by determining whether the 
participants could successfully complete the tasks by using the two interfaces. Prior to the 
evaluation, the administrator had a list of the services which had to be purchased by the 
participants during the evaluation. The same logging system, which was used for capturing 
the task time, logged the output of each task (e.g. Added email service (Small Mailpro) to 
the basket). The output of each task for a participant was compared to the correct services, 
which had to be purchased. This comparison was done in order to determine if the task was 
completed successfully. 
The task success data for the different tasks for the two interfaces is presented in Figure 
5.6. Overall, the task success for the two interfaces was fairly high as none of the tasks had 
a task success percentage below 90%. This indicates that on average 9 out of the 10 
participants could complete each task successfully.  This result can be used to conclude 
that SelPro could effectively support a novice or expert customer in successfully 
purchasing telecommunication services.  
A 100% success rate was identified for tasks 4 and 5 for both systems. Task 4 required the 
participant to purchase a hosting service. This task required minimal customer input for the 
hosting service which had to be purchased. Therefore, it can be concluded that the 
questions for requirements should be kept to a minimum and simple, to achieve quicker 
task completion times and less confusion.  
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Task 5 was the completion of the checkout process. The 100% success rate achieved for 
this task supports an objective of this prototype of allowing the customer to check out 
(buy) the services without making any errors. This task presents a step-by-step wizard 
which guides the customer through the checkout process. The customer is required to 
confirm his/her purchases and to enter shipping and payment address information.  A few 
participants also commented that they liked the checkout process as it was efficient. They 
also mentioned that they liked the functionality that was provided to make the payment 
address the same as the shipping address information, as this could be the case in many 
situations. This could have possibly added to the low task times of Task 5. The 100% 
success rate also supports the design decision of having the wizard-style design, which 
guides the customer through the checkout process. The wizard-style design is effective as 
customers are able to complete the checkout process successfully. 
These results are presented with a 95% confidence level. The Adjusted Wald method was 
used to calculate the confidence interval values as this was identified as the most suitable 
method for calculating binomial confidence intervals of binary task success data (Tullis 
and Albert 2008).The margin of error values for the task success data was calculated by 
using the Adjusted Wald calculator online (Sauro and Lewis 2005). The margin of error for 
the task success of 90% was 0.22 and 0.14 for the 100% task success percentage.  
The Adjusted Wald method also highlighted that for the 9 out of the 10 participants who 
completed the task successfully with a 95% confidence interval, the task success 
completion rate ranged from 57 to 99 percent. It also highlighted that if 10 out of the 10 
participants completed the tasks successfully the task success completion rate would range 
from 75 to 100 percent.  
The intervals were this large because of the small sample size. The results, however, still 
suggest that more than half (57% and 75%) of the participants would be able to complete 
the tasks successfully with a 95% confidence. If the sample size was increased the ranges 
would become smaller, yielding more accurate intervals. 
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Figure 5.6: Task success for the five tasks on the novice (a) and expert (b) interface (n=10) 
5.6.1.3 Learnability 
A learnability factor could also be identified based on the task time results. To measure 
learnability, participants were presented with two tasks lists, one for each interface. The 
tasks and the interface on which customer requirements were entered for the different 
services were fairly similar. Counterbalancing was used where five of the participants 
completed Task list 1 first and the other five completed Task list 2 first. For learnability 
this was interpreted as the participants first and second attempts to complete a task. The 
times for these two attempts for each participant were then graphed on a bar chart with a 
confidence interval of 95% as presented in Figure 5.7. The task times for the second 
attempt decreased when compared with the task times for the first attempt. This was the 
case for all the tasks.  
This indicates that participants became more familiar with purchasing the services by using 
the prototype. This also indicates that the prototype was easy to learn as the participants 
became more familiar with the prototype in only two attempts. Task 1 in the first attempt 
was the only task that had a completion time of more than 3 minutes. On average, all the 
tasks were completed in more than 2 minutes on the first attempt of completing a task, but 
on average all the tasks were completed in less than 2 minutes on the participants’ second 
attempt at completing the tasks. Task 3 was the only task which was completed in more 
than 1.50 minutes on the participants’ second attempt. Task 1 clearly showed the most 
decrease in time when compared to the other 4 tasks. Task 1 showed 2.25 minutes (3.51 
minutes– 1.26 minutes) decrease in time to complete the task on the second attempt. This 
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could be because the email service requirements were easily understandable and were not 
much changed much across the interfaces. The decrease in task time noted across all tasks 
suggests that the learnability of the prototype is good. It illustrates that participants could 
complete tasks in less time on the second attempt. 
The margin of error shown for Tasks 1 and 3 on the first attempts was fairly high, being 
close to 2 minutes. This is because one of the participants completed the tasks in more than 
5.50 minutes compared to the rest who completed the tasks in less than 3.70 minutes. This 
participant’s time was slightly skewed as he was distracted while completing his first 
attempt. The participant was a SA who had not used a self-service provisioning system 
before and he was quite interested in the prototype. He commented extensively on the 
layout and goal of the prototype. These comments are presented in Section 5.7. The error 
bar ranges of Tasks 1, 4 and 5 suggests that there was a significant difference in the 
average task times of the first and second attempt. This could be because the participants 
became familiar with the interface and the way of entering requirements. The error bars of 
Task 5 were also fairly small as most participants completed this task in about the same 
amount of time. This could be due to the consistency of the checkout process as this 
component of the prototype did not change in the different interfaces.  
 
Figure 5.7: Geometric mean for time-on-task for the first and second attempt of the participant (n=10) 
5.6.2 Satisfaction Results 
The self-reported metrics results, namely the user experience, perceived usefulness and 
benefits of SelPro are discussed in this section. These self-reported metrics were measured 
by analysing the ratings that participants assigned to the questions in the post-test 
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questionnaire (Appendix G) as well as in the general feedback provided. The results were 
categorised into quantitative and qualitative results. The user experience results showed 
that the participants had a high level of overall satisfaction in completing the service 
provisioning task using SelPro. The participants also perceived SelPro as being useful, 
easy-to-use and easy-to-learn. SelPro was also perceived as providing potential benefits to 
a SMME requiring telecommunication services. 
5.6.2.1 Quantitative Results 
The post-test questionnaire results were quantitative and required quantitative analysis. 
The different measures of central tendency (arithmetic mean, median, mode and standard 
deviation) were calculated for each of the participants’ responses. These scores were 
obtained from a rating provided on a seven-point Likert scale. Median scores of 5 or higher 
represented favourable results and presented no cause for concern for the aspect being 
evaluated. A median score of 3 and below was considered as unfavourable and presented a 
concern which required more investigation. A median score of 4 represented a neutral 
result and for these median scores, the mean was examined. A mean of 3.58 or less was 
interpreted as unfavourable and a mean of 4.44 or greater was interpreted as favourable. 
These values were selected as the range between 1 (Strongly disagree) and 7 (Strongly 
agree) is 6. If the range is divided by the 7 (the number of Likert labels), the interpretation 
value is equal to 0.86. Therefore, the interpretation mean values were as follows: a score of 
1.0-1.86 is strongly negative, 1.86- 2.72 is negative, 2.72-3.58 is somewhat negative, 3.58-
4.44 is neutral, 4.44-5.30 is somewhat positive, 5.30-6.16 is positive and 6.16-7 is strongly 
positive. 
Post-test Questionnaire Results 
Figure 5.8 presents a radar chart which displays the mean ratings as an overall percentage 
for the different categories presented in the USE questionnaire. The results obtained were 
satisfactory overall. All the categories, namely usefulness, ease of use, ease of learning and 
satisfaction, were rated as more than 80% by the ten participants. This means that the mean 
ratings for the categories from all of the participants were always equal and above 5.6, as 
represented in Figure 5.9. Participants perceived SelPro to be useful, easy to use, easy to 
learn and satisfactory. The ease of learning category showed the highest percentage rating 
of 92%. This highlights that the prototype was perceived as being easy to use by the 
participants as this category received a median rating of 6.4. The ease of learning results 
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was strongly positive and raised no concerns. These results suggest that SelPro was able to 
support the surrogate participants in the service provisioning task.  
 
Figure 5.8: Radar chart presenting the post-test questionnaire results (n=10) 
 
 
Figure 5.9: Descriptive statistics of the post-test questionnaire results (n=10) 
 
Further analysis was then required on the categories to identify if the participants’ 
perceptions of SelPro could be validated. Figure 5.10 presents the results of the usefulness 
category. Question A12, highlighted that SelPro was useful, as it allowed participants to 
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complete the service provisioning process effectively. The median of 5 and mean of 5.3 for 
question A12 illustrates that the results were somewhat positive to positive. Participants 
perceived SelPro as useful (A3: median = 6) as it meets a customer’s service provisioning 
needs (A11: median= 6) by allowing the service provisioning process to be completed 
faster than with the manual process (A10: median= 7) in a manner that requires little effort 
(A8: median= 6). The design decision to use the wizard-style design together with tooltips 
and recommendations was also perceived by the participants as being useful (A4: median= 
6, A5: median= 5 and A6: median= 6).  
 
Figure 5.10: Usefulness category results (n=10) 
 
Figure 5.11 presents twelve questions that were purposively selected from the different 
categories. SelPro was perceived as being easy to use (B1: median= 6) by the participants 
as it allowed the participants to complete the service provisioning process with little effort 
(B5: median= 6) and in a few steps (B3: median= 6). Question B7 showed the lowest mean 
value of 4.6 across all the questions in every category. This highlighted that the 
participants noticed a few inconsistencies.  Even if this result is somewhat positive it was 
not a major concern, as the participants were supposed to identify some inconsistencies 
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while using SelPro. This was because the participants received two interfaces (novice and 
expert), which had some differences as highlighted previously. Participants also rated that 
they learned to use SelPro (C1: median= 6) and its wizard component (C2: median= 6.5) 
quickly, as the median values are 6 and above. Participants were satisfied with SelPro (D1:  
median= 5), as they liked the way in which they entered the service requirements (D2: 
median= 6). They also liked the service recommendations they received based on their 
requirements (D3: median= 5) and also the information that was provided about the 
questions and service requirements on the interface (D4: median= 6). They enjoyed using 
SelPro so much that they would recommend it to fellow customers (D5: median= 6). This 
suggested that the participants believed that SelPro could support the service provisioning 
need.  
 
Figure 5.11: Results of selected category questions (n=10) 
5.6.2.2 Qualitative Results 
The general feedback provided throughout the user evaluation and at the end of the post-
test questionnaire provided qualitative data. This data required qualitative data analysis to 
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improve its value. The data received was categorised into positive, negative and general 
comments. Each of these comments was placed in a category relevant to SelPro. The two 
categories that were used were UI design and Task support. The Task support category 
contained all the comments made about the self-service provisioning of telecommunication 
services for a SMME. The UI design category contained all the comments relevant to the 
design of the website components (wizard-style component, terminology, feedback, 
aesthetics, icons etc.). 
Table 5.2 presents all the positive, negative and general comments, which were made by 
the participants as well as the number (n) of participants who made similar comments. 
UI Design Category 
Table 5.2: Comments on the UI design category 
Positive Comments 
Description n 
1. The system is easy to use and understand. The interface has a clear logical flow 
and it’s easy to navigate around within the prototype.  
7 
2. The look and feel provided by the prototype is good. 3 
3. The wizard style interface makes the service provisioning process easy and 
understandable for novices. 2 
4. The website is portable and will benefit a TSP. 2 
Negative Comments 
Description n 
1. The icons representing the steps in the wizard of the novice interface looked 
like radio buttons and can be confusing to the end-users. 2 
General Comments for Improvement 
Description n 
1. Add more information on the thank you page. Provide the customer’s order 
number and more details about the process further in the form of terms and 
conditions. 2 
2. The wording and terminology used on some of the tooltips and 
recommendations must be updated 2 
3. Change the location of the Buy button as it creates inconsistencies in the 
checkout wizard. 2 
 
The feedback on the UI design was generally positive. Seven out of the ten participants 
considered the interface easy to use, understandable and logical. This could be due to the 
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consistent way in which services requirements were entered across the prototype, as well 
as the wizard style and guidance with which the participant was provided throughout the 
service provisioning process. The participants were guided to purchase services in the 
order in which telecommunication services are bought by an SMME. The motivation for 
purchasing a specific service was also provided, and this possibly added to the logical 
flow. This can be motivated by the high ease-of-use and learning ratings that the 
participants provided on the USE questionnaire. Participants also liked the look and feel 
the look and feel of SelPro. This supports the business design chosen as well as the 960 
grid system layout pattern. Participants also thought that the wizard-style interface was 
easy for novices to use. This supports the design decision of having a wizard-style 
presentation for novice customers.  
Only one negative comment was raised as the round checkbox image, which was used on 
the wizard for novices, seemed like a radio button when the checkbox was unchecked 
(n=2). A few recommendations for improvement were made for the UI design. One of the 
recommendations was to provide the customer with more feedback when the service was 
purchased (n=2). The other recommendation focused on the terminology that was used in 
the prototype. Participants suggested that some sentences should be updated, as some of 
the sentences were clumsily worded and could cause confusion (n=2).  
The comments that participants made with respect to the task support category are 
presented in Table 5.3. 
Task Support Category 
 
Table 5.3: Comments on the Task support category 
Positive Comments 
Description n 
1. Recommendations provided for the services throughout the provisioning 
process are useful, relevant and valuable to the SMME market. The 
recommendations were liked as they provide assistance throughout the service 
provisioning process. 5 
2. The functional requirements for a service provisioning system for a SMME are 
present. The process used to carry out the service provisioning process is well 
thought out and innovative. 3 
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Table 5.3: Comments on the Task support category (Table Continued) 
Negative Comments 
Description n 
1. There was not enough feedback provided to the customer after the services were 
bought. There were no terms and conditions present and the customer will not 
know what will happen after the services are purchased. 2 
2. Some of the questions, especially for the hosting service, were not a clear 
representation of a SMME’s requirements. Some new questions should be 
added for the hosting service and the wording of some of the other questions for 
the other services should be updated (change wording). 2 
3. Prices were too flexible as customers will always attempt to purchase the 
service for the lowest price. 1 
General Comments for Improvement 
Description n 
1. Provide more price payment options for expert customers. (e.g. contract periods 
of payment) 2 
2. On the hosting page, be more specific when asking the customer if he requires a 
web hosting service and ask about the web hosting requirements. 2 
3. Consider mailing an order form to the TSP so that the IEs can see what services 
need to be installed. 1 
 
Participants enjoyed having the recommendations provided about the telecommunication 
services and service information and also found that the recommendations were valuable, 
useful and relevant to the SMME market (n=5). This supports the design decision to add 
recommendations and more information about services to improve the customer’s 
knowledge about the services. Participants also thought that the prototype met the 
requirements of a self-service telecommunication service provisioning system for a SMME 
(n=3). This comment supports the usefulness of this prototype given the objectives of the 
prototype, which was to support a SMME in purchasing telecommunication services. 
One of the negative comments highlighted that there was not enough feedback provided to 
the customer after the services were purchased (n=2). The other comment highlighted that 
the hosting service category was not fully addressed as there was no option for customers 
to purchase a webhosting service, which is a service that can also be important to SMMEs 
(n=2).   
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The general suggestions for improvement addressed most of the concerns that were raised. 
The first two comments proposed a way that could be used to address the issues raised 
about the granularity of the payment options. The comments stated that more price options 
should be provided for the expert type customer (n=2) and there should be the functionality 
to allow customers to compare prices (n=2). The other comment provided, proposed a way 
in which the hosting service concerns could be addressed. It was proposed that customers 
should be asked if they require a webhosting service and if they do so, provide the relevant 
questions to gather requirements for the service (n=2).  
One participant mentioned that the system should email the order form of a customer to the 
TSP. The participant mentioned that this functionality could increase the value of SelPro 
even more.  
5.6.2.3 Discussion 
The main goal of the evaluation was to determine the extent to which SelPro supports a 
SMME in purchasing telecommunication services for their business. The secondary goals 
were to elicit the participants’ perceptions when interacting with SelPro. The secondary 
goals of the evaluation were specifically focused on the areas of user satisfaction, ease of 
use, ease of learning and usefulness.  
From the performance and self-reported metrics results, it can be concluded that SelPro can 
effectively and efficiently support two types of SMME customers in purchasing 
telecommunication services. This conclusion is supported by the low average task 
completion times which were obtained to complete the entire service provisioning process 
(10.78 minutes for the novice interface and 8.01 minutes for the expert interface) and the 
high task success percentages (all tasks were above 90% across both interfaces). Results 
obtained from the usefulness section in the USE questionnaire (Section 5.6.2.1) also 
supported the results obtained from observing the participants’ behaviour.  
These results showed that the participants thought SelPro saved them time (median= 6), by 
being faster than the manual process (median= 7). Participants also agreed that SelPro 
allowed them to complete the service provisioning process more effectively (median=5.5). 
A positive comment was also received from three of the participants, who stated that 
SelPro had a well-structured process that assists customers in the service provisioning 
process. 
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High ratings were received for the ease of use of SelPro. Participants indicated that they 
could complete the entire service provisioning process with little effort (median=6) and 
within a few steps (median=6). These ratings were supported by the positive comments 
which the participants provided. Seven out of the ten participants commented that SelPro 
was easy to use and understand. Two participants also commented that the wizard-style 
component was easy to use and learn.  The low task completion times and high task 
success rates could also suggest that the prototype could be easily used to purchase the 
required services. 
Participants indicated that SelPro was easy to learn. This was supported by the overall 
rating provided for the ease of learning category in the USE questionnaire. The category 
had an overall average of 92% (median= 6.4). The participants also indicated that the 
wizard component on the novice interface was easy to learn (median=6.5). The ease of 
learning was also supported by observing the participants while completing the tasks. 
Learnability results showed that the participants’ time decreased from their first and second 
attempts to completing a task. This showed that participants could complete the tasks 
faster, as their number of attempts to complete a similar task increased. There were also no 
comments made that criticised the learnability of SelPro, as three participants mentioned 
that they “liked the look and feel” of SelPro. 
High ratings were also obtained for the usefulness of SelPro (median=5.9). Participants 
indicated that SelPro would improve the current method of service provisioning as 
highlighted earlier by the results of the effectiveness metric. SelPro was perceived as 
useful as it allows two types of customers to successfully complete the service 
provisioning task (median=5). Participants also thought that SelPro meets a SMME 
customer’s service provisioning needs (median=6). The task times and task success results 
obtained also support the perceptions that participants have about the usefulness of SelPro. 
Five participants also commented that the recommendations and information that was 
provided about the services and service information was useful as it would assist the 
customer in the service provisioning process and improve the customer’s knowledge about 
the service. 
Overall, the participants were satisfied with SelPro. This was evident from the high mean 
satisfaction rating which was provided by the participants (median=5.8). Participants rated 
highly the conversational way in which the requirements for a service were entered 
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(median=6). Participants also liked the service package recommendations and information 
about the services that were provided (medians of 5 and 6).  This was also supported by the 
positive comments that were made about the look and feel and recommendations which 
SelPro provides. Participants only complained about the icon in the wizard which looked 
like a radio button (n=2). Participants were so satisfied with SelPro that they would 
recommend using SelPro to possible customers (median= 6).   
The positive results obtained highlight that two types of customers (novice and expert) 
could complete the entire service provisioning process without assistance from a TSP 
representative in less time than the current manual process. The results obtained from the 
self-reported metrics also support the fact that SelPro is useful as it supports a customer to 
a greater extent by allowing the customer to complete the service provisioning process in a 
manner that is easy to use and learn with a high level of satisfaction. These results, 
therefore, confirm the validity of the requirements that were identified in Chapter 2. The 
results also suggest that the design and implementation of the knowledge-based 
recommender system for a self-service telecommunication service provisioning system, for 
a SMME was feasible and solves the problem identified.  
The study however, had a few limitations as there were only ten experts recruited to 
evaluate the prototype and the system was not tested in a live environment where it could 
save changes into the existing systems databases.  
The benefits as supported by the evaluation results are provided below: 
 The way in which the service provisioning process for SMMEs is completed is 
more efficient and effective; 
 The service provisioning process can be completed by a customer without the 
assistance of a TSP representative. This also provides a benefit to the TSP where 
less human resources will be required during the service provisioning process for 
SMMEs; 
 Having service information available to the customers improves the customer’s 
knowledge about the telecommunication services. 
The design recommendations are: 
 To solve a similar service provisioning problem within a domain where the product 
set is as specialised as telecommunication services, a knowledge-based 
recommender system model can be used. This is recommended as a knowledge-
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based recommender system model supports a customer in a self-service 
provisioning of a specialised product/service set. 
 If telecommunication services for a SMME will be provisioned, it is important to 
capture the customer, business and telecommunication service attributes 
highlighted in Table 4.2 and Figure 4.3. These attributes improve the way in which 
a customer’s telecommunication service requirements are identified and satisfied. 
 When allowing a SMME to self-serve through a website it is important to cater for 
both novice and expert customers. This will improve the customer’s satisfaction 
when interacting with the system as it will be personalised to a certain extent. A 
novice customer when compared to an expert requires assistance to a greater extent. 
 When designing a  UI for a knowledge-based recommender system for 
telecommunication service provisioning, the following recommendations could 
possibly be followed: 
o An interactive, conversational type interface, which captures the customer 
requirements, can be used. It should also contain simple questions which will 
help identify customer properties (requirements) that can be mapped to the 
product/service properties (an example can be viewed in Section 4.3.2). This 
form of need identification provides for the customer a more natural approach 
by which they can specify their requirements. 
o Provide a wizard-style interface for novice customers. It was shown that this 
interface guides a novice customer through a complicated process. It also 
improves customers’ understanding of the process and products and services 
being sold. 
o Provide dynamic recommendations and more information about service 
properties and customer and service property mappings. It improves customers’ 
knowledge about the services and offerings provided by the TSP. It also guides 
customers through the requirements specification process as they are guided to 
valid and realistic customer properties (customers provide more realistic 
requirements for the products and services provided by the TSP).  
 An inference engine implemented by using conjunctive queries is sufficient for a 
similar problem. It was found that this method can effectively map customer 
requirements to services that meet these requirements. Participants who purchased 
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services using SelPro were highly satisfied with the service recommendations they 
received, based on the requirements they entered. 
5.7 Design Implications 
The evaluation results were discussed in the previous section. The self-reported metrics 
evaluation results provided suggestions which could be used to improve the usefulness and 
usability of SelPro. The suggestions were provided in the form of negative and general 
comments for improvement. The negative comments were, however, interpreted as 
indications to improve SelPro. 
The suggestions for improvement were categorised according to the impact they have on 
the UI design and task support. These are now discussed as well as the design changes that 
were made to SelPro. 
UI Design 
a. Negative Comments Received Concerning the UI Design. 
1. “The icons representing the steps in the wizard of the novice interface looked like 
radio buttons and can be confusing to the customers.”  
The problem identified with the wizard icons did not prevent the participants from 
completing their tasks successfully. This problem resulted in confusion for two of the 
participants and might have slightly increased their task completion times. 
Addressing this problem did not affect the entire design of SelPro. Solving this problem 
would potentially remove confusion from the user and enhance the usability of SelPro. The 
problem was addressed by changing the round checkbox image, which looked like a radio 
button into a square checked box (Figure H.1 Appendix H). 
b. Recommendations to Improve the UI Design 
A few suggestions were provided which could also improve the usability of SelPro. 
Participants suggested that some of the wording and terminology used on the system was 
still technical. The result could be that customers would not understand certain information 
presented about service properties. Another suggestion was that the location of the Buy 
button had to change as this was not consistent with the location of the next buttons in the 
check-out wizard. The result was that participants had to search for the buy button on the 
page. The objective of SelPro made the implementation of these suggestions critical as the 
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objective was to make SelPro easy-to-use and to allow customers to easily understand the 
information presented. 
These suggestions were implemented by simplifying the text of the tooltips and 
recommendation messages even further, by removing all technical jargon. The location of 
the buy button was changed so that it was consistent with the next button, on the right hand 
side of the “order form” (the next button can be seen in Figure 4.13). 
Task-Support 
a. Negative Comments Received on the Task Support 
1. “Minimal feedback provided to customers once services were purchased.”  
This problem was not a critical one which prevented participants from completing their 
tasks, but it was also deemed as important for the objective of SelPro. This problem 
resulted as participants wanted to know more about what the process entailed after they 
purchased the recommended services (e.g. what their order number is, when will the 
services be activated, will they be contacted etc.).  
Addressing this problem was deemed important because the goal of SelPro was to 
automate the service provisioning process without confusing the customer and providing 
the customer support and feedback throughout the process. This problem was addressed by 
adding extra information about the order and SelPro (as a TSP). The added information 
was, namely; the customer’s order number, service activation information, an example of 
the customers domain name, contact details for SelPro etc. Hopefully, this will remove the 
anxiety customers have about what will happen after they purchased their services. 
2. “Questions presented for the hosting service did not show a clear reflection of a 
SMMEs needs.” 
This problem highlighted an aspect which was important to this research as it highlighted a 
small aspect which was missing. This problem highlighted that SelPro did not cater for 
hosting a SMMEs website, if they required hosting. This could result in a SMME’s not 
receiving a service which is necessary for the operation of the business. 
This negative comment was addressed by identifying a way in which SelPro can 
accommodate this requirement. A recommendation was received from a participant who 
directly addressed this issue. It was suggested that the hosting service page should 
incorporate a section asking the customer if website hosting is required. If the customer 
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requires it, the relevant configuration setting questions should be asked. These 
configuration setting requirements and packages were received from a module of an 
existing, webhosting company called Imaginet (Imaginet 2012). This was implemented by 
having four extra questions placed on the hosting service requirements page. The updated 
hosting service page can be viewed in Figure H.2 of Appendix H. 
3. “Prices were too flexible.”  
The expert participants also identified that the payment options and were too flexible. This 
could result in customers always choosing the lowest price for a service. This problem had 
to be addressed as it is important to always provide customers with a service which meets 
their needs. The result of this problem could be that customers may have requirements 
which cannot be satisfied with a purchase low price (resulting in not finding a service for 
the customer requirements). 
Participants provided a suggestion for a solution to this problem. They mentioned that 
more price options could be offered for expert customers. It could also be possible to filter 
and update the price options (removing some prices) as the customer’s requirements 
changes. This will prevent the customer from choosing prices that do not cater for their 
requirements. The suggestion provided by the participants did, however, not fully cater for 
novice customers and the objective of SelPro was to cater for both novice and expert 
customers. This problem was addressed by updating the price options as the users 
requirements changed. The updated price options can be viewed in Figure H.2 of Appendix 
H. 
b. Recommendations to Improve the Value of SelPro 
Participants suggested that SelPro should mail the order form of a customer to a TSP. 
These suggestions are valuable for the extension of SelPro. However, the value of these 
changes could not be validated as this would require another evaluation. 
These changes were, however, still implemented as SelPro had a customisable design 
which allowed these components to be added easily. An example of an order form which 
will be mailed to a TSP can be viewed in Figure H.3 of Appendix H. Following the Design 
Sciences Research approach motivates the reason for implementing the suggested 
recommendations for improvement. However, another evaluation may be required in future 
to confirm whether these changes enhanced the usability and usefulness of SelPro. 
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5.8  Conclusion 
The research follows the DSR methodology and required an iterative design and evaluation 
of the solution. Several techniques exist to evaluate a knowledge-based recommender 
system. The DSR methodology suggested that an effective method to evaluate the 
prototype must be used. A user study was identified as the most suitable evaluation 
technique given the evaluation goals for SelPro. SelPro being a system which assists 
customers with a practical task required an evaluation to determine the extent to which it 
supports two types of customers (novice and expert) with the service provisioning task. An 
evaluation was also required to identify if SelPro was usable, useful and learnable. The 
evaluation was also required to identify if participants had a positive experience when 
interacting with SelPro to complete their tasks.  The user study was conducted with ten 
telecommunication experts who were selected by using purposive sampling (expert 
sampling).  
The performance and self-reported metrics were obtained from observing the participants’ 
performance while completing the service provisioning task  (purchasing the four 
telecommunication services) using the prototype and by providing them with the USE 
post-test questionnaire. This questionnaire gave the participants’ perceptions of the 
prototype based on the four metrics that were evaluated in the form of quantitative data. 
The questionnaire also provided an opportunity to obtain qualitative feedback from the 
participants about their perceptions of the prototype. It also provided the participants with 
an opportunity to provide suggestions for the enhancement of SelPro. 
The results obtained from the evaluation showed that SelPro was effective and efficient in 
supporting the participants in completing the service provisioning tasks (low task 
completion times and task success rates above 90%). SelPro was also perceived as being 
easy-to-use (median=5.8) and easy-to-learn (median=6.4). Participants also provided 
comments which supported these results. The participants also perceived SelPro as being 
useful (median=5.9) and they were satisfied with the way in which SelPro assisted them to 
complete the service provisioning task (median=5.8).   
Modifications were made to SelPro based on the negative comments and suggestions for 
improvement provided by the participants. These changes were made as they could 
potentially enhance the usefulness and usability of SelPro. Practical design 
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recommendations for similar systems were also provided. The design recommendations 
provided were validated by the evaluation results.  
The evaluation results provided empirical evidence that a knowledge-based recommender 
system can be used to support a SMME in self-service provisioning of telecommunication 
services. The results also provided empirical evidence that the design decisions that were 
made in Chapter 4 were reasonable and valid.  
Chapter 6 concludes this dissertation. The contributions of this research and achievements 
are highlighted and future work stemming from this research is also presented in this 
chapter. This chapter will complete the DSR process by communicating the findings of the 
research to the appropriate audience. 
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 Chapter 6: Conclusions and Recommendations 
6.1 Introduction 
The main objective of this research was to develop a solution for the service provisioning 
problem experienced by TSPs. The research was also aimed at identifying the extent to 
which the developed solution supports self-service provisioning of telecommunication 
services. The deliverables of this research are the developed prototype (solution), the 
design recommendations for an effective and efficient self-service telecommunication 
service provisioning system and the evaluation of the prototype. Design recommendations 
were proposed by the development and evaluation of a prototype based on design decisions 
that were made for the intelligent web-based self-service provisioning system for 
telecommunication services.  
This chapter concludes this research by addressing Research Question 6 by completing the 
sixth phase (the communication phase) of the DSR process model (Peffers et al. 2006). 
The communication phase states that the research has to be effectively communicated to 
the relevant audience (Hevner et al. 2004). The research objectives are revisited and the 
findings of the research are discussed by outlining the achievements as well as the 
theoretical and practical contributions of the research. Limitations and problems 
encountered throughout this research and suggestions for future work are discussed.    
6.2 Achievement of Research Objectives 
This research has shown that an intelligent web-based self-service provisioning system can 
be developed based on a knowledge-based recommender system model. The 
implementation of this model can be used to support SMMEs in self-service provisioning 
of telecommunication services, as it has been identified that TSPs are facing challenges 
when conducting the service provisioning process for SMMEs. 
The main research objective of this research was to develop an intelligent web-based, self-
service solution that supports customers (which finally became SMMEs) in 
telecommunication service provisioning. A number of other research objectives were 
stated in order to achieve the main research objective of this research. The manner in 
which these objectives were achieved is discussed in this section. 
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The objectives of this research were: 
1. To identify the factors involved in the service provisioning process and to identify 
the shortcomings of current systems used for service provisioning in the 
telecommunications industry;  
2. To identify a set of requirements for an intelligent web-based, self-service system 
that will support customers in service provisioning of telecommunication services;  
3. To identify which intelligent systems can be used to support telecommunication 
service provisioning;  
4. To design and implement an intelligent web-based self-service provisioning 
system;  
5. To evaluate the intelligent web-based self-service provisioning system, based on 
usefulness, effectiveness and efficiency, as well as the customer benefits produced 
and the extent to which the solution supports self-service provisioning; 
6. To communicate the findings of the research by presenting design 
recommendations for a web-based self-service provisioning system as well as 
future work and conclusions obtained from the results of this research. 
The problem identification phase of the DSR addressed Research Objective 1 which was 
addressed in Chapter 1 and Chapter 2. The factors influenced by the quality of service 
provisioning process were discussed, such as the service providers (Section 2.3); services 
provisioned to customers (Section 2.4); the current service provisioning methods and their 
shortcomings (Section 2.6). Further investigation was conducted to identify the challenges 
faced with the service provisioning process in practice (Section 2.7.3). A literature review 
and an interview study were conducted with a well-known TSP in order to address the first 
research objective.  
It was found that current service provisioning methods are not effective and efficient as 
customers have to follow tedious manual service provisioning processes. Current service 
provisioning systems do not support the specific needs of different customers and simply 
provide long textual lists of the products and services offered. The major shortcoming of 
these systems is that they require the customer to have pre-knowledge about the services 
that they need. This has led to customer dissatisfaction and businesses incurring 
unnecessary expenses. The literature review and interview study provided evidence that the 
service provisioning process that TSPs conduct for SMMEs is a key problem. The 
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expenses required to provision the services are sometimes more than the income generated 
from SMMEs using these services. An analysis of problems identified, together with the 
current shortcomings when compared with proposed criteria for effective service 
provisioning, formed the requirements/objectives for the solution (Section 2.8). The 
identification of the requirements addressed the second research objective and completed 
the second phase of the DSR process model. 
The third research objective was addressed in the third phase of the DSR process model in 
Chapter 3. Chapter 3 critically analysed different intelligent systems in support of web-
based, self-service provisioning of telecommunication services. After analysing the three 
most suitable intelligent systems, namely intelligent agents (Section 3.3), HIS (Section 3.4) 
and knowledge-based systems (Section 3.5) a comparison based on the advantages and 
disadvantages of the three intelligent systems was done (Section 3.6). The extent to which 
the different intelligent systems could support service provisioning in the 
telecommunication industry was also taken into account while conducting the comparison. 
The knowledge-based system model was identified as the most suitable intelligent system 
to address the problem, as its use within the telecommunication service provisioning 
process would yield benefits. Two knowledge-based systems used to solve problems 
similar to those in provisioning were then reviewed (Sections 3.6.1 and 3.6.2) and 
compared according to the requirements of an intelligent web-based, self-service 
provisioning system, that stemmed from criteria for an effective service provisioning 
system, identified from literature and an interview study (Section 2.8). A knowledge-based 
recommender system was identified as meeting most of the requirements and supported the 
telecommunication service provisioning, as the products and services provisioned in the 
telecommunications industry constantly change, and customer ratings of products and 
services from previous years being invalid. A model of a typical knowledge based system, 
which will aid the design, was proposed. 
Research Objective 4 was addressed in Chapter 4. Chapter 4 spanned across the third and 
fourth phases of the DSR process model. Phase three focused on the design and 
development of the solution. The demonstration of the solution’s capabilities is conducted 
in the fourth phase. The design of SelPro, an intelligent web-based self-service 
provisioning system for telecommunication services, was discussed, based on the selected 
knowledge-based system model (Section 3.5). SelPro was developed by using an iterative 
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prototyping technique, which is a guideline of DSR. SelPro was populated with data and 
domain knowledge by reviewing existing examples from literature and semi-structured 
interviews that were conducted with service provisioning experts from a well-known TSP 
and NMMU (Section 4.2.2). These knowledge acquisition methods were used in the 
knowledge acquisition processes (Section 4.2.2). The knowledge base component 
contained relevant customer and business data necessary to support the service 
provisioning task (Section 4.2.3). A UI was then designed to support the users’ tasks 
encapsulated in the service provisioning process (Section 4.2.4). The inference engine 
component was designed to use conjunctive queries as these were identified as a suitable 
technique for solving the CSP (Section 4.2.5). 
The fourth phase of the DSR methodology is to demonstrate the solution. The solution was 
demonstrated in this research by conducting a heuristic evaluation in the form of an expert 
review (Section 4.4). The implementation of SelPro addressed the three main user tasks in 
the service provisioning process; namely, the customers define their constraints or needs, 
identification and recommendation for a solution and then the purchase of the customer 
solution (Section 4.3). The goals of the expert review were to identify usability problems 
with SelPro and to determine whether SelPro could be used by SMMEs to purchase 
telecommunication services (Section 4.4). The results were analysed and a few minor 
usability issues were identified, after the usability experts provided severity ratings for 
each issue. The telecommunication domain and usability experts confirmed that SelPro 
could be used by SMMEs to purchase telecommunication services (Section 4.4.4). The 
usability issues identified were addressed and design changes were made to SelPro. These 
changes were made to ensure that SelPro was more usable (Section 4.4.7).  
The main issue identified was that SelPro did not provide effective support for a complete 
novice user. Two interfaces were then implemented to accommodate the different user 
types. The UI was adapted for novice users where novices were supported through the use 
of a wizard-style UI. The interface for novices also contained recommendations and more 
information about services and its properties throughout the service provisioning process. 
The interface of the expert users contained less recommendations and guidance as it 
allowed faster purchase of services for the experts. 
Research Objective 5 was addressed in the evaluation phase of the DSR process in Chapter 
5, which discussed the user study of the prototype. Several evaluation techniques to 
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evaluate a knowledge-based recommender system were identified (Section 5.2). The 
evaluation goals (Section 5.3) assisted in selecting an appropriate evaluation technique 
(Section 5.4). The evaluation was conducted to identify whether users of SelPro could 
purchase telecommunication services in an effective and efficient manner.  
The user study evaluation technique was identified as suitable as it allowed the 
identification of rigour, utility, efficacy and usability problems with SelPro, by allowing 
users to interact with SelPro and report on their experience. The evaluation was conducted 
with ten telecommunication experts from a TSP company and the ICT staff members at 
NMMU. The participants were recruited by using purposive sampling. All the participants 
had experience with service provisioning and also with each of the four services being 
provisioned by SelPro. These participants were required to validate the utility of SelPro in 
the telecommunication industry. Effectiveness, effectiveness and learnability are the 
performance metrics which were used to evaluate the usability of SelPro. Self-reported 
metrics were measured to determine the perceived usefulness and benefits to the user. The 
subjective metrics measured were ease-of-use and user satisfaction. Users were provided 
with two similar task lists which had to be completed on the novice and expert interfaces. 
The tasks that users were required to complete were based on the entire service 
provisioning process from entering a need for each of the services, to purchasing the 
services. 
The performance results were highly positive as SelPro was regarded as effective, efficient 
and easy to learn. Participants could successfully complete their tasks in a reasonable 
amount of time, as no task had a success rate below 90%. The results of the USE post-test 
questionnaire highlighted that SelPro was perceived as useful (85.12%), easy to use 
(81.95%) and easy-to-learn (92%). Users were also highly satisfied (80.18%) with SelPro 
while completing their tasks. The results show that the mean ratings on a seven-point 
Likert scale were above 5.7. The results were fairly positive and supported the fact that 
SelPro was useful, effective and efficient when compared to the time which the current 
manual service provisioning process takes to complete (nine out of the ten participants 
estimated that the manual process currently takes longer than two hours to complete). No 
severe usability issues were identified with SelPro during the evaluation. The main issue 
was that SelPro did not provide enough feedback to the user once the service provisioning 
process was completed. This was addressed by adding order information on the “Thank 
you” page of SelPro. Other issues such as price options which were too flexible were 
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amended by filtering price options as the users’ requirements changed. The hosting service 
section which did not include all questions normally presented to a user during service 
provisioning, was added (such as the option to have a website hosted by the TSP). The 
other comments of users were suggestions to increase the value of SelPro such as mailing 
the order form to a TSP. These changes were also implemented after the evaluation was 
completed. 
The results motivated that the design decisions made on prototype were correct as SelPro 
allows two user types to complete the service provisioning process effectively and 
efficiently. Based on the results obtained, general design recommendations for an 
intelligent web-based self-service provisioning system in the telecommunication industry 
for SMMEs were provided. The requirements received from Chapter 2 were also validated 
by the results and could potentially be used for self-service provisioning systems in the 
telecommunication industry in future. The design recommendations will be highlighted in 
the next section as the recommendations form part of communicating the solution, which is 
the last phase of DSR completed by addressing Research Objective 6.  
This section has highlighted that all of the objectives of this research were achieved. The 
theoretical and practical contributions of the research are highlighted in the following 
section.  
6.3 Research Contributions 
The successful achievement of the research objectives has made a number of research 
contributions. These contributions take the form of theoretical and practical contributions. 
The theoretical contributions apply directly to systems in support of self-service 
provisioning of telecommunication services for SMMEs. The practical contributions 
resulting from the research are applicable to the problem domain. 
6.3.1 Theoretical Contribution 
The objective of this research was to solve the service provisioning problem currently 
experienced by TSPs, specifically with regard to SMME customers. The information 
received from the literature review, interview study and criteria for effective service 
provisioning in Chapter 2 was analysed to produce the requirements (Table 2.3 to Table 
2.6) for an intelligent web-based self-service solution to effectively and efficiently solve 
the problem identified. These requirements formed the objectives of a solution for the 
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provisioning problem. These requirements represent a theoretical contribution as they can 
serve as criteria for future solutions addressing the service provisioning problem of TSPs.  
The identified requirements were used to determine the intelligent system which best solve 
the problem, a knowledge-based recommender system model (Section 3.7) presented in 
Figure 6.1 below (repeated here for quick reference purposes). All the components of the 
model were required to address this problem. 
 
Figure 6.1: The knowledge-based system model (Chau and Albermani 2002) 
 
Four of the components in the knowledge-based system model were customised to address 
this specific service provisioning problem. Review of existing literature and semi-
structured interviews were used to capture expert knowledge (Section 4.2.2). The expert 
knowledge included knowledge about the business rules involved in the service 
provisioning process. 
The knowledge base component of the model had no formal specifications or structure. 
The second contribution is the custom design of the knowledge base structure, which 
contained knowledge specific to service provisioning of telecommunication services to 
SMMEs (Section 4.2.3). The knowledge base was structured based on the requirements 
identified in Chapter 2.  
Another contribution is the design of the UI component (Section 4.2.4) which also had no 
formal specifications or structure. The UI component was designed to support a task list, 
which was obtained from the requirements identified in Chapter 2. The UI was designed to 
mimic the manual business operations process where a sales representative communicates 
with an SMME customer to determine the services required. 
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The fourth contribution was the design of the inference mechanism (engine) component. 
The inference mechanism component also had no formal structure or specifications. The 
inference mechanism was designed to solve the problem by using a conjunctive query 
technique, which uses logical rules identified from the expert knowledge in the knowledge 
base to recommend services by mapping customer requirements to product properties 
(Section 4.2.5).  
Finally, general design recommendations for similar systems were proposed (Section 
5.6.2.3). The main recommendation was to provide a service provisioning system for 
SMMEs which contains interfaces that accommodate two user types, namely novice and 
experts. The design recommendations proposed provide a set of specifications and 
structures, which can be used to build the individual components of the knowledge-based 
recommender system in support of self-service provisioning in the telecommunication 
industry. 
6.3.2 Practical Contribution 
The first practical contribution of this research includes SelPro, the self-service 
telecommunication service provisioning system for SMMEs. The contribution includes the 
implementation of the components of the knowledge-based system model. The 
implementation and evaluation of SelPro was done to illustrate that the customisation of an 
existing model could be used to support SMMEs in self-service provisioning of 
telecommunication services. The second practical contribution was the results of the user 
study, which was conducted on SelPro with ten telecommunication service provisioning 
experts. The feedback which they provided was valuable as it can be used in the 
development of future systems.  
SelPro contains a knowledge base component, which was implemented as a My SQL 
database. It contains information relevant to the service provisioning process of 
telecommunication services for SMMEs. This component allows for extensibility and 
flexibility as the component can be integrated into an existing or new design of a similar 
system. The results of the evaluation of SelPro provided the main practical contributions of 
this research. The expert review (Section 4.4) and user study (Section 5.6) provided 
evidence that the knowledge contained within SelPro (Section 4.2.2) is useful and relevant 
and can be used to assist SMMEs in selecting telecommunication services in support of 
their business operations. The information captured about the SMME and product and 
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services provisioned were relevant to the telecommunication service provisioning process 
conducted for SMMEs (Sections 4.4 and 5.6.2.2). 
SelPro also contains a UI component that mimics the service provisioning process with a 
conversational type interface. SelPro also has had two types of interfaces, which were 
customised for novice and expert users. The novice users received a wizard-style interface, 
with recommendations and tooltips for assistance (Figures 4.15 and 4.16). The expert 
interface has more flexibility with no guidance wizard and fewer recommendations and 
tooltips. This design decision was made to allow experts to complete the service 
provisioning process faster than novices who require more assistance (Section 4.4.7). The 
performance results of the user study provide evidence that the UIs for novices and experts 
allowed the participants to complete their tasks quickly and successfully (Section 5.6.1). 
Having the wizard–style interface also supported novice users, as participants obtained a 
high success rate for the tasks they had to complete using the novice interface (Section 
5.6.1.2). The simple interface and support provided to customers also made SelPro easy to 
learn (Section 5.6.1.3), which the performance and self-reported data from the USE 
questionnaire supported (Section 5.6). When participants completed their tasks using the 
expert interface, they had task completion times that were lower than the novice interface 
(Section 5.6.1.1). This provided evidence that the design allowed experts to complete their 
tasks faster than novice customers. 
SelPro also contained a list of simplified questions on the UI that were presented to the 
users for each service category. The questions formed the customer constraints, which was 
mapped to service properties (by the inference mechanism), to identify services that satisfy 
the customer constraints. These questions were created after analysing the expert 
knowledge received (Section 4.3.2). These questions can be used to identify customer 
requirements for the relevant services on future UIs. 
The inference mechanism was implemented by using conjunctive queries to identify a 
customer’s needs from the customer constraints that are defined for each service, as 
answers to questions provided. This information was analysed and used by the inference 
mechanism component to create product and service properties. These product and service 
properties were then used to search for products and services which met the customer’s 
needs. The products and services identified were then recommended to the customer 
(Section 4.3.3).  
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The results from the USE questionnaire highlighted that SelPro was easy to use and 
participants were satisfied with the prototype and its functionality (Section 5.6.2). This 
shows that the design decisions were supported by the telecommunication experts. 
SelPro can be further customised and implemented by a TSP to support SMMEs in the 
self-service provisioning of telecommunication services as the prototype is generic and 
easily customisable. SelPro was designed according to a model with components allowing 
easy integration and customisation (Section 4.2.1).  
6.4 Limitations and Problems Encountered 
A small number of limitations and problems were encountered during the research. The 
first limitation was not succeeding in finding a TSP that would allow SelPro to write 
information to and extract information from their live databases. Due to this, the prototype 
had to simulate certain information and processes associated with the service provisioning 
process. The limitation did not really impact the main goal of the research as the domain 
experts still thought the process within SelPro was a reflection of the real world scenario 
and writing in the back-end systems would just require connections through the application 
programming interfaces. The problem that SelPro had to solve was also focused on the 
customer and TSP engagement phase of the service provisioning process and not the actual 
activation of services.  
The research focused on the four main telecommunication services provisioned to SMMEs. 
A limitation was that the research did not succeed in finding a TSP that had readily 
available business rules, which experts have to apply to the service provisioning process. 
As a result the domain experts had to be interviewed and their knowledge had to be 
manually captured, using different knowledge acquisition techniques. Product and service 
information also had to be manually retrieved from various different sources (websites of 
TSPs and capacity planning documents). This was because the TSPs did not have a 
standard set of products and services which they provision. There was also a lack of tools 
available to capture and convert the thought processes and expert knowledge of the domain 
experts into business logic rules. Business logic rules had to be formulated from the results 
of the interviews and capacity planning documents of the telecommunication services.  
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An open source, knowledge-based recommender system or inference mechanism 
applicable to the problem domain could not be identified, nor an existing one amended. As 
a result of this, the knowledge-based recommender system components had to be 
implemented from scratch. 
6.5 Future Research  
Several opportunities for future research were identified from this research. This research 
has created the opportunity for TSPs to start investigating the automation of the service 
provisioning process for LEs. A start would be to standardise the products and services and 
then create a module (possibly an HIS) that has the ability to generate complex customised 
solutions. This would be useful for TSPs as this would result in reduced costs, stored 
expert knowledge and potentially improved customer satisfaction for LEs, because the 
manual processes for LEs are even more tedious as their solutions are customised and 
complex. 
The SelPro prototype could also be extended by enhancing its features. SelPro could 
provide a means for expert customers to configure their own services by writing 
information straight back into a TSP’s live database (e.g. allowing the customer to assign 
more or less storage space to themselves). An enhanced SelPro should include a further 
expansion of the hosting services offered. Future research should determine whether 
customer information captured within SelPro can be used to build product and service 
bundles that can be sold to customers which are similar. SelPro could also be extended by 
developing a UI for the back-end maintenance system which would allow TSPs to update 
the content and rules within SelPro.  
It could be beneficial to conduct a field study that further evaluates SelPro with a TSP and 
physical SMMEs as customers. This evaluation might produce a different perspective on 
the usefulness which SelPro provides in supporting SMMEs in self-service provisioning of 
telecommunication services. The new features and minor usability issues that were 
addressed in SelPro after the user study were not evaluated. It would be useful to see if the 
changes have an impact on the user satisfaction and usability of SelPro. This can also be 
used to see if the value and usefulness of SelPro was increased. The added features of 
SelPro were not evaluated as they did not contribute to the focus of the evaluation, but they 
could possibly add value to similar systems developed in future. 
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Appendix A: Interview Study 
A Model to Support Self-Service Telecommunication Service Provisioning 
Interview Survey: August 2011 
A. Introduction  
Dear Sir / Madam 
 
As the number of Internet users grows daily, the service provisioning process in companies is of 
high importance as companies need to stay ahead of the competition. The NMMU Centre of 
Excellence is undertaking a research project to determine current problems relating to the service 
provisioning process in the telecommunications industry and requirements for self-service 
provisioning. It would be appreciated if you could complete the following short questionnaire for a 
structured interview survey on your current service provisioning methods. 
 
Although your response is of the utmost importance to us, your participation in this interview is 
entirely voluntary. Information provided by you remains confidential and will be reported in 
summary format only in scientific articles and my dissertation. 
 
Should you have any queries or comments regarding this interview, you are welcome to contact 
me telephonically at 083 660 0076 or e-mail me at Sherwin.Barlow@nmmu.ac.za. 
 
Your participation in this interview is greatly appreciated. 
 
 
Yours Sincerely 
Sherwin Barlow 
MSc Student (Computing Sciences) 
Nelson Mandela Metropolitan University 
 
  
 
 
B.  Biographical Information 
This section of the survey relates to background or biographical information.  
1  Gender 
  
Male Female 
 
 
 
2  Age range (in years) 
18-29 30-39 40-49 50+ 
 
3 Position held within 
Company? 
 
 
4  Experience (in years) in 
telecommunication service 
provisioning? 
years 
5  How often do you conduct 
the telecommunication 
service provisioning 
process? 
Never Once a month Once a week Daily 
 
 
 
6 Describe your job and 
tasks in the company? 
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C. General questions 
This section explores general information on your participation in telecommunication service 
provisioning. 
1.  There are many services offered by a company. Could you please explain what services are 
offered by your company, how they are classified and according to what characteristics? 
           
           
            
2.  Your company has many customers. Could you please explain how these customers are classified 
and how many of each category there are? 
           
           
            
3. Is there any hierarchy listing of services and customers based on any set of criteria e.g. Services 
purchased the most? 
            
           
            
Please highlight any other general information you see as useful below: 
           
           
            
 
D. Telecommunication Service provisioning (TSP) process  
1. Explain what the service provisioning process entails in your company. (All key activities, people 
involved and their responsibilities, time taken and the information disseminated.) 
           
           
            
2. How important do you consider advice and recommendations made to customers during the service 
provisioning process? Why is this important? 
           
           
            
3. How does the TSP process benefit your company and customers? 
           
           
            
4. What service provisioning channels (manual or automatic e.g. service over the counter or online) are 
supported by the company? Briefly explain the process used in each channel? Please highlight any 
problems or advantages of these channels? 
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5. What knowledge are you and the customer required to have when engaging in the TSP process? 
           
           
            
6. How did you obtain your TSP related knowledge? (Are there any training programs available?) 
           
           
            
7. Is any information provided about services that make it easier for customers to discover services 
they require? (If yes, please highlight this information and how it is provided) 
           
           
            
8. Are there any available tools or support staff assisting in the TSP process? (Please describe the 
role of these tools.) 
           
           
            
9. What information is captured about customers and services when a customer purchases a service? 
           
           
            
10. What criteria are used to recommend a service to a customer? If new services are offered how are 
these incorporated in your recommendation? 
           
           
            
11. Do you have any system in place tracking customers who purchase similar services? (If yes, please 
explain how this works?) 
           
           
            
12. Is there any service provisioning software or facility used by your company in house (online or 
offline) for customers to purchase services on their own? If yes explain the role of the software and 
level of support provided? 
           
            
E. Further Comments 
Please include any other general information on TSP you see as useful: 
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The service provisioning process graphed for Company A.
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Appendix B: Knowledge acquisition Interview Study  
Open ended Questions  
(Services can be email, printing, Internet access, application services etc.) 
1. What are the typical configuration attributes and infrastructure requirements for the 
following services? (E.g. For an email service, a configuration attribute might be 
the name of the person to whom the email account will be assigned to, and an 
infrastructure requirement might be that the customer needs an Internet connection 
(ADSL line)) 
a. Email 
b. Internet access 
c. Hosting 
d. Domain setup 
2. How do you determine which solution to provide for a customer’s need? (E.g. how 
would you determine the storage capacity for a customer that stores 10 word files 
(5mb) a day) 
3. What information is required about the customer’s current infrastructure before 
providing services? (E.g. The amount of stations (PCs); routers and other network 
elements) 
4. Are there any service or infrastructure dependencies? (E.g. In order to receive an 
email service, you require internet access)
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Appendix C: Expert Review Task List  
 
 
 
 
SELPRO: An Online Self-Service Telecommunication Provisioning System 
for SMMEs 
Expert Review: May 2012 
A. Introduction  
 
Dear Sir / Madam 
 
As the number of Internet users grow daily, the service provisioning process in companies are of high 
importance as companies need to stay ahead of competition. We are undertaking a research project to 
determine whether a Knowledge-based Recommender system can support SMMEs in the service 
provisioning process. The reason for focusing on SMMEs was identified after an interview study was 
conducted with a major TSP in South Africa. It has been identified that the human resource costs 
required to provision telecommunication services to a SMMEs is avoidable, as the services provided to 
them are comparatively simple. We also identified that we should focus on provisioning four service 
types mostly purchased by SMMEs, namely, Email, Internet, Hosting and Domain Name services. 
 
This expert review need to be conducted in order to determine whether SELPRO supports you during 
the service provisioning process. The expert review is also conducted to determine if any major 
usability concerns are existent within SELPRO and if there are any suggestions for improvement. 
Although your response is of the utmost importance to us, your participation in this expert review is 
entirely voluntary. Information provided by you remains confidential and will be reported in summary 
format only. 
 
Should you have any queries or comments regarding this expert review, you are welcome to contact us 
telephonically at 083 660 0076 or e-mail us at Sherwin.Barlow@nmmu.ac.za. 
 
Your participation in this expert review is greatly appreciated. 
 
Yours Sincerely 
Sherwin Barlow 
MSc Student (Computer Science) 
Nelson Mandela Metropolitan University 
 
B. Scenario of typical user in SELPRO  
This section highlights a scenario of the tasks a typical user will conduct in SELPRO. 
John Doe, a 24 year old male has just joined a new law firm joining other another 20 employees. John’s 
joined the firm as a purchasing (financial) manager. The firm has moved to a new building and the firm is on 
the verge of making large expansions and adjustments. The firm’s movement with current trends has 
highlighted the importance of telecommunication services for the company. The first task John is given is to 
purchase all the telecommunication services needed for the firm to operate. The services purchased should 
enable each employee in the company to have an email account and Internet access. The firm’s website 
should also be hosted as well as back-up storage for all the case files of clients. John having a busy schedule 
and limited knowledge about telecommunication services then decides to visit SELPRO the self-service 
telecommunication service provisioning system, which his friend Adam told him about. 
Appendix C: Expert Review Task List 
184 
 
Expert Review Task List       May 2012 
Pretend that you are John the purchasing manager of the “Law” firm “SaveMe” and you are visiting 
SELPRO for the first time. 
You are now required to purchase these services using SELPRO. You must also identify if any of the 
standards and heuristics for an online self-service provisioning system for SMMEs in the telecommunications 
industry were violated. 
 
 
Email Service Task 
You have to purchase an email service package that allows at least “30” employees to have an email account. 
Each of these employees will send multiple emails to clients daily; therefore each of them at least require 
“2GB” storage space for their emails. You have “no in-house IT skills” to manage the email server. The 
employees will be communicating with clients “all over the world” via their email. The business would like 
to “pay the service monthly” at “no more than R200” for all email accounts.  
 Please Click Go after you have entered your filter conditions 
 Add the recommended service package to the basket 
 Please follow the recommendation made to purchase an Internet Service (Click on the Internet 
service link) 
 
Internet Service Task 
You have to purchase an Internet service package that allows the transfer of “media” files as some files may 
be video footage provided by clients. You want to have enough Internet quota “capped but at least 30GB” 
worth. The company “has a performance requirement” as media will be streamed, uploaded and 
downloaded. The router should be “very fast”, as “no other Mobile devices” will connect to the Internet 
line. We want to pay for this service “monthly”, but no more than R1000. 
 Please Click Go after you have entered your filtering conditions  
 Add the recommended service package to the basket 
 Please go and Purchase the Hosting Service 
 
 
 Hosting Service Task 
You have to purchase a Hosting service package that allows the firm to “at-least store up-to 2000GB/2TB” 
of data. You have to accommodate for expansion so the hostage location must “at-least be for 2 business 
branches”. We have “no IT in-house skills” to set up storage repository and we want to “pay for the 
service monthly” and we “do not care about the price (choose the “ANY” option)”.  ”. 
 Please Click Go after you have entered your filtering conditions  
 Add the recommended service package to the basket 
 Please go and Purchase the Domain Name Service 
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Domain Service Task 
You have to purchase a Domain Name service that is “International” and “can be accessed by clients 
quickly”. We want to make a “once-off payment” and “do not care about the price (choose the “ANY” 
option)”.   
 Please Click Go after you have entered your filtering conditions  
 Add the recommended service package to the basket 
 Check out the products in the basket. (Please note once-off payments won’t reflect in total). 
Check out the products by entering the following Payment Details: 
o Company : SaveMe 
o Address : 21 Jump Street, Salt Villaz 
o Postal Code: 6058 
o City : PE 
o Country : SA 
 Use the payment information for shipping address as well. 
 On confirmation page: Buy the products in you basket. 
 Thanks for completing these tasks.
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Appendix D: Heuristic Evaluation Form 
This section presents heuristics which you need to evaluate SELPRO against. The heuristics focuses on 
the User Interface design and the functionality of SELPRO.  The heuristics are also used to evaluate the 
different components (entering a need screen, recommendations presented, information presented, check-
out process) presented in SELPRO during the self-service provisioning process against best practices.  
 
Heuristic Severity 
Rating 
1. Visibility of system status 
The system should always keep user informed about what is going on, through appropriate feedback 
within reasonable time.  
 SELRPO should allow you to identify where you are during the service provisioning 
process.  
 Does SELPRO provide feedback to actions performed? 
Comments:  
  
  
  
  
2. Match between system and the real world 
The system should speak the user’s language, with words, phrases and concepts familiar to the user, 
rather than system-oriented terms. Follow real-world conventions, making information appear in a 
natural and logical order. 
 Does the service provisioning process used by SELPRO match the process in the real world? 
 SELPRO should allow you to effectively distinguish and understand the different service 
needs you have (is the information about services sufficient). 
 SELPRO should allow you to enter all the features of a service need you may have (Are the 
questions relevant for each specific service category)? 
 The conversational method to enter a need should be effective (Easily understandable) and 
efficient (Quick way to enter need)? 
 The service packages offered by SELPRO should be sufficient for a SMME to operate. 
 Recommendations provided should meet the customer needs and be relevant. 
Comments:  
  
  
  
  
3. User control and freedom 
Users should be free to select and sequence tasks (when appropriate), rather than having the system 
do this for them. Users often choose system functions by mistake and will need a clearly marked 
"emergency exit" to leave the unwanted state without having to go through an extended dialogue. 
Users should make their own decisions (with clear information) regarding the costs of exiting current 
work.  
Comments:  
A. Heuristic Evaluation form 
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4. Consistency and standards 
Users should not have to wonder whether different words, situations, or actions mean the same thing. 
Follow platform conventions. 
 SELPRO should provide clear and valuable information. 
 SELPRO should follow e-commerce and telecommunication standards. (standards for need 
entering, recommendations, basket, checkout process) 
  SELPRO should provide a consistent design throughout. 
Comments:  
  
  
  
  
5. Error prevention  
Even better than good error messages is a careful design which prevents a problem from occurring in 
the first place. Either eliminate error prone conditions or check for them and present users with a 
confirmation option before they commit to the action. 
Comments:  
  
  
  
  
6. Recognition rather than recall 
Make objects (images, buttons, etc.), actions, and options visible. The user should not have to 
remember information from one part of the dialogue to another.  
 The service recommendations provided should be identifiable from the needs. 
 Is the information you need to complete the service provisioning process available all the 
time. 
Comments:  
  
  
  
  
7. Flexibility and efficiency of use 
Accelerators-unseen by the novice user-may often speed up the interaction for the expert user such 
that the system can cater to both inexperienced and experienced users. Allow users to tailor frequent 
actions. Provide alternative means of access and operation for users who differ from the "average" 
user (e.g., physical or cognitive ability, culture, language, etc.) 
 Users should be able to move around quickly and easily. 
 Service provisioning process should be efficient without disturbance (few clicks). 
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Comments:  
  
  
  
  
8. Aesthetic and minimalist design 
Dialogues should not contain information which is irrelevant or rarely needed. Every extra unit of 
information in a dialogue competes with the relevant units of information and diminishes their 
relative visibility. 
 The important information for decision making during the service provisioning process 
should be noticeable. 
 Important information should be placed on relevant locations. 
 Checkout process must be easy understandable and linear. 
 SELPRO should be visually appealing. 
Comments:  
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Appendix E: Informed Consent Form 
NELSON MANDELA METROPOLITAN UNIVERSITY INFORMATION AND 
INFORMED CONSENT FORM 
RESEARCHER’S DETAILS 
Title of the research project A Model to support Customers in Self-Service 
Telecommunication Service Provisioning  
Reference number  
Principal investigator Sherwin Barlow 
Contact telephone number 
(private numbers not advisable) 
041 504 2094 
 
A. DECLARATION BY OR ON BEHALF OF THE PARTICIPANT  Initial 
I, the participant and the undersigned (full names)   
 
A.1. HEREBY CONFIRM AS FOLLOW  Initial 
I, the participant was invited to participate in the above-mentioned research project   
that is being undertaken by Sherwin Barlow  
from Department of Computing Sciences  
Of the nelson Mandela Metropolitan University  
 
A.2 THE FOLLOWING ASPECTS HAVE BEEN EXPLAINED TO ME, THE 
PARTICIPANT 
 Initial 
 
Aim 
The investigators are determining whether users can 
purchase a telecommunication service package in an 
effective and efficient manner using the self-service 
provisioning prototype. 
 
The information will be used to/for research purposes 
  
 
Procedures 
I understand that I am required to use a prototype 
system to evaluate how effectively and efficiently the 
self-service provisioning prototype supports me during 
the service provisioning process. I understand that eye-
tracking equipment will be used to monitor the tasks that 
I complete and to capture where I am looking on the 
screen 
  
 
Risks 
I understand that there are no risks involved in 
participating in this process 
  
 
Confidentiality 
My identity will not be revealed in any discussion, 
description or scientific publications by the investigators 
  
 
Access to findings 
Any new information or benefit that develops during the 
course of the study will be shared as follows: 
  
 
Voluntary participation / 
refusal / discontinuation 
My participation is voluntary 
YES NO 
  
My decision whether or not to 
participate will in no way affect my 
present or future 
career/employment/lifestyle 
TRUE FALSE 
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 No pressure was exerted on me to consent to participate and I understand that I may 
withdraw at any stage without penalisation 
  
    
 Participation in this study will not result in any additional cost to myself   
 
 
 
I HEREBY VOLUNTARILY CONSENT TO PARTICIPATE IN THE ABOVE-
MENTIONED PROJECT: 
Signed/confirmed at                                                on                                                                  20 
Signature 
Signature of the witness: 
Full name of witness: 
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Appendix F: User Study Test Plan 
 
 
 
SELPRO: An Online Self-Service Telecommunication Provisioning System 
for SMMEs 
Usability Study: September 2012 
A. Introduction  
 
Dear Sir / Madam 
 
As the number of Internet users grow daily, the service provisioning process in companies are of high 
importance as companies need to stay ahead of competition. We are undertaking a research project to 
determine whether a Knowledge-based Recommender system can support SMMEs in the service 
provisioning process. The reason for focusing on SMMEs was identified after an interview study was 
conducted with a major TSP in South Africa. It has been identified that the human resource costs 
required to provision telecommunication services to a SMMEs is avoidable, as the services provided to 
them are comparatively simple. We also identified that we should focus on provisioning four service 
types mostly purchased by SMMEs, namely, Email, Internet, Hosting and Domain Name services. 
 
This User study needs to be conducted in order to determine whether SELPRO supports a SMME during 
the service provisioning process. The User Study is also conducted to determine if any major usability 
concerns are existent within SELPRO and if there are any suggestions for improvement. Although your 
response is of the utmost importance to us, your participation in this User Study is entirely voluntary. 
Information provided by you remains confidential and will be reported in summary format only. 
 
Should you have any queries or comments regarding this User Study, you are welcome to contact us 
telephonically at 083 660 0076 or e-mail us at Sherwin.Barlow@nmmu.ac.za. 
 
Your participation in this User Study is greatly appreciated. Thank you for participating. 
 
Yours Sincerely 
Sherwin Barlow 
MSc Student (Computer Science) 
Nelson Mandela Metropolitan University 
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Biographical Questionnaire 
B. Biographical Information 
This section of the survey refers to background or biographical information.  
 
1. Gender Male Female          
2.  Age 18-29 years 30-39 years 40-49 
years 
>=50 
years 
3. Industry domain Telecommunication Academic Student Other 
If other, please specify: 
 
 
4.  Position held at 
company 
 
 
 
5. Experience with 
telecommunication 
Service provisioning?  
< 1 year 1 - 2 years 3 – 4 
years  
>= 5 years 
 
6. Experience with Email, 
Domain, Internet and 
Hosting 
telecommunication 
services?(<1,2-5,6-
10,>10) 
Email <1 year 1-2 
years 
3-4 
years 
>=5 
years 
Domain <1 year 1-2 
years 
3-4 
years 
>=5 
years 
Hosting <1 year 1-2 
years 
3-4 
years 
>=5 
years 
Internet <1 year 1-2 
years 
3-4 
years 
>=5 
years 
7. How often do you 
conduct/undertake the 
telecommunication 
service provisioning 
process? (Please underline 
the word relevant to you in 
the question) 
Never  Rarely 
(About once 
a year ) 
Seldom 
(About once 
a month) 
Frequently 
(About once or 
more a week) 
 
8. Experience in 
provisioning/receiving 
telecommunication 
services for SMMEs? 
(Please underline the word 
relevant to you in the 
question) 
No experience Little 
experience 
Moderate 
experience 
Expert 
 
9. Have you used any self-
service provisioning 
systems for 
telecommunication 
services before?  
Yes No  
If yes, please name them: 
 
 
 
10. Could you briefly 
describe the service 
provisioning process 
which you are currently 
using? 
E.g. - Briefly present the Steps and related components involved in bullet 
point form. 
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11. Please estimate how 
long the manual service 
provisioning process 
takes when 
provisioning/ 
receiving 
telecommunication 
services for SMMEs. 
(consulting with a sales 
representative of the TSP or a 
customer to obtain a solution) 
(Please underline the word 
relevant to you in the 
question) 
< 30 minutes 30min - 
1hour 
1-2 hours  >2 hours 
Briefly motivate why this is the amount of time required to provision the 
services: 
12. What specific roles do 
you have within your 
company? 
 
 
 
13. Website (specifically e-
commerce) usage experience? 
< 1 year 1 - 2 years 3 – 4 
years  
>= 5 years 
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Task List 1 
 
 
 
Please complete the following Usability task lists and the questionnaires. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Task List 1      September 2012 
 
Pretend that you are John the purchasing manager of the “Law” firm “Save Me attorneys” that has no in-
house IT skills and you are visiting SELPRO for the first time.  You being a law firm will restrict high 
security on your servers and call for installation  as you have no in-house IT skills (have email servers 
hosted at your business, installation engineers be sent out to install your services.) (This information will be 
used when presenting you with a solution service package/s). 
 
You are now required to purchase four different telecommunication services for the company using 
SELPRO.  
 
1. Please go the following URL: http://qintelli.com:8090/selpro , if you have not been directed 
there as yet. 
2. Please Select - I would like to purchase telecommunication services for my business and do 
not know where to start. 
3. Login with your provided registration details. (If you are not registered, please click “Register” 
and fill in registration details.) Once you are registered you will automatically be logged. 
4. Once you are logged into SELPRO you will be prompted with a Wizard that should assist you in 
your tasks. 
5. Please complete Steps 1 to 5 in the Wizard using the service requirements presented on the next 
page. 
6. Please select the relevant service requirement options for each service. 
7. Please turn over the page and start with step 1 (by selecting Purchase Email Service in the 
wizard). 
SELPRO is an application which allows SMMEs to purchase telecommunication 
services (Email, Domain, Internet and Hosting) by themselves. It provides assistance 
to both novice and experienced users. It has a Wizard approach that guides novice 
users and provides greater flexibility to more experienced users. The system provides 
tips and information about the various questions and options in order to provide the 
user knowledge about telecommunication services. This assistance is also provided to 
increase the user’s knowledge of telecommunication services. Continuous 
recommendations are provided as customers enter their requirements. This assists 
customers in completing their purchases successfully. Service packages are 
recommended based on the customer requirements. Customers can then add the 
recommended service packages to their basket and purchase them accordingly. These 
orders are then received and can be processed by a Telecommunications services 
provider (TSP). 
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Step 1-Email Service Requirements 
(Please feel free to use tooltips and recommendations (information and light bulb icons) as you wish when assistance is required or 
something is not understood.) 
a. You require at-least 65 email accounts 
b. You require at-least 3GB storage for each email account 
c. Employees will be using the email account to communicate with clients all over the World 
d. We would like to pay annually for the email service at no more than R2000  
e. Please continue to viewing the recommended service/s after you have entered your requirements 
conditions 
f. Please provide the name of the service that was recommended:  
________________________________ 
g. Add the recommended Email Service package to the basket 
h. Close the recommendation to buy an Internet Service 
i. Please continue with step 2 
 
Step 2- Domain Service Requirements 
(Please feel free to use tooltips and recommendations (information and light bulb icons) as you wish when assistance is required or 
something is not understood.) 
a. Your business wants to be recognised Internationally 
b. The website of the business will solely be used for information presentation 
c. You would like to pay annually for the domain service at no more than R200 
d. Please continue to viewing the recommended service/s after you have entered your requirements 
conditions 
e. Please provide the name of the service that was recommended: 
________________________________ 
f. Add the recommended Domain Service package to the basket 
g. Please continue with step 3 
Step 3- Internet Service Requirements 
(Please feel free to use tooltips and recommendations (information and light bulb icons) as you wish when assistance is required or 
something is not understood.) 
a. You want to transfer voice and video data 
b. You will be uploading and downloading many video and voice files. Please follow the 
recommendation provided about capped/uncapped Internet next to the 2
nd
 question. 
c. You will be using the same Internet service for the mobile devices within the business 
d. You would like to pay annually for the internet service at no more than R100,000 
e. Please continue to viewing the recommended service/s after you have entered your requirements 
conditions 
f.  Please provide the name of the service/s that was recommended:  
_______________________________ 
h. Add the recommended Internet Service package to the basket  
g. Please continue with step 4 
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Step 4- Hosting Service Requirements 
(Please feel free to use tooltips and recommendations (information and light bulb icons) as you wish when assistance is required or 
something is not understood.) 
a. You require a hosting service for at-least 1500GB/1,5TB of data 
b. You require the hosting service to be accessed by at-least 2 other business branches 
c. You would like to pay for the service as you use it 
d. Please continue to viewing the recommended service/s after you have entered your requirements 
conditions  
e. Please provide the name of the service/s that was recommended: 
 ________________________________ 
f. Add a recommended Hosting Service package to the basket(your choice) 
g. Please view your basket and check out the service packages in your basket 
 
Step 5- Please enter the following Payment Details: 
o Please enter any First and Last name (if you don’t want to use your own) 
o Company name : Save Me attorneys 
o Address : 21 Jump Street 
   Salt Bridge 
o Postal Code: 6058 
o City : PE 
o Country : SA 
 Use the payment information for shipping address as well. 
 On confirmation page: Buy the products in your basket. 
 Please log out.  
 Thank you for completing these tasks. 
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Task List 2 
 
 
Please complete the following Usability task lists and complete the questionnaires. 
 
Task List 2      September 2012 
 
Pretend that you are John the purchasing manager of the “Law” firm “Save Me attorneys” that has no in-
house IT skills and you are visiting SELPRO for the first time.  You being a law firm will restrict high 
security on your servers and call for installation  as you have no in-house IT skills (have email servers 
hosted at your business, installation engineers be sent out to install your services.) (This information will be 
used when presenting you with a solution service package/s). 
 
You are now required to purchase four different telecommunication services for the company using 
SELPRO.  
 
1. Please go the following URL: http://qintelli.com:8090/selpro , if you have not been directed 
there as yet. 
2. Select - I know what telecommunication services I would like to purchase from the home page. 
3. Login with your registration details provided. (If you are not registered, please click “Register 
button” and fill in registration details.) Once you are registered you will automatically be logged 
in. 
4. Provided below are the service requirements for four telecommunication services. 
5. Please enter these requirements when purchasing the 4 telecommunication services (Email, 
Domain, Internet and Hosting service). 
6. Please complete steps 1-5. 
7. Please select the Email tab and start entering the provided requirements. 
Step 1- Email Service Requirements 
(Please feel free to use tooltips and recommendations (information and light bulb icons) as you wish when assistance is required or 
something is not understood.) 
a. You require at-least 30 email accounts 
b. Please follow the recommendation provided for the 2nd question about the storage capacity 
required for your email accounts. 
c. Employees will be using the email account to communicate with clients all over the World 
d. We would like to pay monthly for the email service at no more than R200  
e. Please continue to viewing the recommended service/s after you have entered your requirements 
conditions 
f. Please provide the name of the service/s that was recommended: 
 ______________________________ 
 
g. Add the recommended Email Service package to the basket 
h. Please ignore the recommendation to purchase Internet Service (close the dialog box please). 
i. Please continue by purchasing a Domain Service. (click the Domain tab). 
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Step 2- Domain Service Requirements 
(Please feel free to use tooltips and recommendations (information and light bulb icons) as you wish when assistance is required or 
something is not understood.) 
a. Your business wants to be recognised Internationally 
b. The website of the business will not only be used for information presentation 
c. You would like to pay Once-off for the service and you do not care about the price 
d. Please continue to viewing the recommended service/s after you have entered your requirements 
conditions 
e. Please provide the name of the service/s that was recommended: 
 ______________________________  
 
f. Add a recommended Domain Service package to the basket (your choice) 
g. Please continue by purchasing an Internet Service (click the Internet tab). 
Step 3- Internet Service Requirements 
(Please feel free to use tooltips and recommendations (information and light bulb icons) as you wish when assistance is required or 
something is not understood.) 
a. You want to transfer all media types of data 
b. You require restricted internet (please read tooltip next to question if the word restricted in not 
understood in this context), but at-least 30GB 
c. You have high performance requirements as you want the router to be very fast 
d. You will not be using the same Internet service for the mobile devices within the business 
e. Please follow the recommendations of how you should go about with paying for the internet 
service. 
f. Please continue to viewing the recommended service/s after you have entered your requirements 
conditions 
g. Please provide the name of the service/s that was recommended: 
 ______________________________  
 
h. Add the recommended Internet Service package to the basket 
i. Please continue by purchasing and Hosting Service (click the Hosting tab). 
Step 4- Hosting Service Requirements 
(Please feel free to use tooltips and recommendations (information and light bulb icons) as you wish when assistance is required or 
something is not understood.) 
a. You are not sure about the amount of storage capacity you require for hosting your data but you 
have to host 2000 hours of video, 20,000 images and 10 hours of voice. (Please view the tooltip 
next to the question to identify the amount of storage capacity required.)  
b. You require the hosting service to be accessed by at-least 7 other business branches 
c. We would like to pay monthly for the hosting service and do not care about the price  
d. Please continue to viewing the recommended service/s after you have entered your requirements 
conditions 
e. Please provide the name of the service/s that was recommended: 
 ______________________________ 
 
f. Add a recommended Hosting Service package to the basket(your choice) 
g. Please view your basket and check out the service packages in your basket 
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Step 5- Please enter the following Payment Details: 
o Please enter any First and Last name (if you don’t want to use your own) 
o Company name : Save Me attorneys 
o Address : 21 Jump Street 
   Salt Villaz 
o Postal Code: 6058 
o City : PE 
o Country : SA 
 Use the payment information for shipping address as well. 
 On confirmation page: Buy the products in your basket. 
 Thank you for completing these tasks.
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Appendix G: Post-Test Questionnaire 
SELPRO - Post-Test Questionnaire  
A. Usefulness 
 
1. The system helps me be more effective in doing my tasks. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
2. The system helps me be more productive in completing my required tasks 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
3. The system is useful. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
4. The tooltips provided by the system is useful. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
5. The recommendations provided by the system are useful. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
6. The Wizard approach provided assistance in the system is useful. 
          
7. The system gives me more control over the service provisioning process. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
8. The system makes the things I want to accomplish easier to do. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
9.  The system saves me time when I use it. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
10. I perceive purchasing the telecommunication services using this system as being faster than the manual 
process? 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
11. The system meets my telecommunication and service provisioning needs. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
12. The system does everything I would expect it to do. (please think about the service provisioning process) 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
 
B. Ease of Use 
 
1. The system is easy to use. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
2. The system is simple to use. 
 
 
Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
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3. The system requires the fewest steps possible to accomplish what I want to do with it. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
4. The system is flexible in what it allows me to do. 
 
 
Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
5. Using the system requires minimal effort. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
6. I can use the system without written instructions. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
7. I did not notice any inconsistencies as I used the system. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
8. Both occasional and frequent users would like the system. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
9. I can recover from mistakes quickly and easily. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
10. I can use the system successfully every time. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
11. I could easily interact with the wizard. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
C. Ease of Learning 
 
1. I learned to use the system quickly. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
2. I learned to use the wizard quickly. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
3. I easily remember how to use the system 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
4. It is easy to learn to use the system. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
5. I quickly became skillful with the system. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
D. Satisfaction 
1. I am satisfied with the system. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
2. I am satisfied with the method of entering my service requirements. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
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3. I am satisfied with the solution package recommendations I received as they support my need 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
4. I am satisfied with the question tips and information I have received on the requirements entering pages. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
5. I would recommend the system to another customer. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
6. The system is fun to use. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
7. The system works the way I want it to work. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
8. The system is pleasant to use. 
 Strongly 
disagree 
1 2 3 4 5 6 7 
Strongly 
agree 
E. General 
1. Identify the most positive aspect of the system. 
 
 
 
 
 
2. Identify the most negative aspect of the system. 
 
 
 
 
3. Please provide any general comments or suggestions for improvement. 
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Appendix H: SelPro Design Changes 
 
Updated Prototype from changes suggested in Chapter 5, Section 5.7. 
 
 
Figure H.1: Updated wizard checkbox icons 
 
 
Figure H.2: Updated hosting service page, with dynamically updated price ranges and questions  
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Figure H.3: Example of the new customer order form generated and emailed by SelPro 
